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Abstract 
Dacitic magmas in volcanic arcs play a critical role in the growth and development of 
felsic continental crust through mixing to form andesite, or to a lesser extent, by directly 
adding new crustal material through fractionation of mantle derived basalts.  Though dacitic 
erupted lavas are scarce on Mt. Baker, this study discusses their importance in subsurface 
processes such as mixing with more mafic magmas, and their potential to add directly to the 
volume of continental crust.  A comprehensive data set (including major, trace, and rare earth 
element abundances, as well as petrography and mineral chemistry) reveals that the most Si-
rich, Mg-poor dacitic compositions analyzed in this study (dacite of Mazama Lake) can be 
modeled as liquids derived by crystal fractionation from Mt. Baker high-Mg andesites.  
These Si-rich compositions are in turn back-mixed with mafic magmas to produce more Si-
poor dacites (dacite of Cougar Divide) and andesites (andesite of Mazama Lake).  The origin 
of one enigmatic hornblende-bearing dacite unit (dacite of Nooksack Falls) is unconstrained.  
None of the dacitic units have geochemical signatures that suggest an origin by melting of a 
garnet-bearing source such as the subducting slab or the lower crust.   
The dacite of Mazama Lake (plagioclase, clinopyroxene, orthopyroxene, Fe-Ti 
oxides) represents a near end-member fractionated composition with only minor 
contamination from xenocrystic material.  Mineral populations commonly lack 
disequilibrium textures, and exhibit normal zoning.  Plagioclase and pyroxene chemistry 
suggests the majority of the crystal population is original to the dacite of Mazama Lake. 
Sparse resorbed olivine grains (<1% total crystal population) and weak reverse zoning in 
some plagioclase and pyroxene grains indicates a minor addition of xenocrystic material.  
The majority of the Mazama Lake compositions can be reproduced after 44% fractionation 
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(55% remaining liquid) of a high-Mg andesite (the andesite of Glacier Creek), with 
fractionating phases of 69% plagioclase, 16% orthopyroxene, 11% clinopyroxene, 3% 
ilmenite, and 1% apatite. Excellent fits of major elements, most trace elements are provided 
by this model.  
The dacite of Cougar Divide (plagioclase, clinopyroxene, orthopyroxene, Fe-Ti 
oxides, olivine) and the andesite of Mazama Lake (plagioclase, clinopyroxene, 
orthopyroxene, Fe-Ti oxides, olivine) are more Si-poor, and exhibit evidence for magma 
mixing. The Cougar Divide unit exhibits mingling textures in hand sample and both Si-poor 
units exhibit mixing textures in thin section, such as calcic normal and sodic reverse zoned 
plagioclase populations and pyroxene grains with abrupt Mg-rich rims. This suggests that 
their primary geochemical characteristics come from mixing between more mafic and more 
felsic magmas. The dacite of Mazama Lake can be used to reasonably reproduce 
compositions observed in the mixed magmas. Mixing between the high-Mg andesite of 
Glacier Creek and dacite of Mazama Lake can reproduce an average major and trace element 
composition from the Cougar Divide unit in mixing proportions of ~60% andesite and ~40% 
dacite. Major and trace element compositions from the andesite of Mazama Lake can be 
reproduced by mixing ~30% the high-Mg basaltic andesite Tarn Plateau (a less fractionated 
parent magma of the andesite of Glacier Creek) and ~70% Mazama Lake dacite.  
The dacite of Nooksack Falls (plagioclase, hornblende, clinopyroxene, 
orthopyroxene, Fe-Ti oxides) appears to represent a near-endmember composition, but 
cannot be reproduced by fractional crystallization of any known parental composition at Mt. 
Baker. A distinct set of minerals with compositions expected from a basaltic source (such as 
calcic plagioclase grains, and Mg-rich clinopyroxene grains with high Cr concentrations) 
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suggests the dacite of Nooksack Falls acquired some xenocrystic material. However, removal 
of this contamination does not permit a fractionation origin from known mafic compositions. 
One possibility is that the dacite of Nooksack Falls was derived from more mafic magmas 
that are not currently observed or erupted. These dacites are unlikely to be crustal melts given 
their high H2O contents.  Ultimately, these hypotheses cannot be reconciled without isotopic 
analysis.  
The role of dacitic magmas at Mt. Baker is clear; (1) they have the potential to 
directly contribute to the continental crust through fractionation, and (2) they have a role in 
mixing, in which andesitic compositions (a common composition at arcs worldwide) are 
formed. 
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Introduction 
The origin and evolution of felsic magmas in subduction zone magmatic arcs (SiO2 > 
60 wt. %), and their contribution to the formation of new continental crust, is a subject of 
active research and ongoing discussion.  While producing felsic magmas through crustal 
recycling (partial melting) merely reworks present crust, felsic magmas that originate from 
crystal fractionation of mantle derived basalts or from slab melt have the potential to 
contribute directly to the volume of continental crust.  In addition, felsic magmas in general 
are also often used as endmembers in mixing scenarios to produce andesitic compositions, 
which comprise the bulk composition of continental crust (e.g. Sakuyama, 1979; Gill, 1981; 
Gardner et al., 1995; Dreher et al., 2005; Ruprecht et al., 2012).  The role of felsic and 
intermediate magma generation for the growth and nucleation of continental crust is a focus 
of subduction zone research outlined in the NSF-funded GeoPRISMS science plan (Morgan 
et al., 2010). Specific research directions include; (1) understanding “the rates and processes 
of differentiation of arc crust” (2) “and creation of juvenile continental crust” (Morgan et al., 
2010).  Volcanic arcs that form above subduction zones provide a natural laboratory where 
these questions can be probed, as they represent the dominant location where new felsic crust 
is created and the associated processes and components can be examined (Morgan et al., 
2010).    
Globally, many mechanisms have been called upon to explain the generation of felsic 
to intermediate magmas in volcanic arcs.  The oceanic arc setting provides insight into the 
incipient stages of continental crust growth (Tamura et al., 2009).  Felsic melt generation has 
been attributed to partial melting of pre-existing crust at depth (e.g., the Izu-Bonin oceanic 
arc; Shukuno et al., 2006; Tamura et al., 2009), fractional crystallization of mantle derived 
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basalts (e.g., the Kermadec Arc, Haase et al., 2006), and melting of the subducting plate (e.g., 
southwest portion of Japan’s volcanic front; Morris, 1995, the Aleutian arc; Yogodzinski and 
Kelemen, 1998, Yogodzinski and Kelemen, 2007).  In the continental realm the presence of 
thick, established crust adds complexities to the genesis and geochemical characteristics of 
felsic melts via assimilation of continental crust (e.g. the Andean arc, Hildreth and Moorbath, 
1988).  
The Cascade arc provides an opportunity to investigate growth and nucleation of 
continental crust in a young hot subduction zone environment.  Models called upon for felsic 
melt generation in the southern and central Cascade arc include, but are not limited to 
fractionation of mantle-derived magmas (Grove et al., 2005) and melting of basaltic lower 
crust (Smith and Leeman, 1987; Bullen and Clynne, 1990; Clynne, 1990; Guffanti et al., 
1996; Conrey et al., 2001; Streck et al., 2007).  In addition, the presence of a hot young 
subducted plate is a potential environment in which slab-derived melts could occur (Peacock 
et al., 1994).  At Mount St. Helens, Defant and Drummond (1993) hypothesize felsic eruptive 
units are derived from slab melt, although this interpretation is debated (e.g., Dawes, 1994). 
In spite of the extensive work already established for the Cascade volcanic arc, studies are 
limited to the middle and southern portions of the Cascade arc where the arc is under relative 
extension (Figure 1).  Few studies focused solely on felsic magma generation have extended 
north of the southern Washington Cascades where the arc is under relative compression 
(Figure 1).  
Although not abundant, felsic magmas are present in the northern part of the Cascade 
arc, making up the bulk of Glacier Peak and Mt. Meager (e.g. Gardner et al., 1998; Hickson 
et al., 1999).  At Mt. Baker, andesite is the dominant lithology (>90% of total eruptive 
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volume; Hildreth et al. (2003)), accompanied by minor volumes of basalt and dacite.  Despite 
scant erupted volumes, previous work suggests that dacites play a critical role in generating 
Mt. Baker’s voluminous andesites by mixing with basaltic magmas (Baggerman and DeBari, 
2011).  If the interpretations of Baggerman and DeBari are correct, then an obvious question 
is; how these mafic and felsic endmembers are generated?  The origin of the mafic 
endmember was discussed by Moore and DeBari (2011) and Shaw (2011), but only limited 
analyses of dacites are available (Baggerman and DeBari, 2011).  This study explores the 
genesis of felsic magmas in the northern Cascade arc, and their role in contributing to the 
crust by 1) directly adding evolved material to the arc, 2) mixing with mafic member to form 
voluminous andesites that are characteristic of arcs, and 3) recycling mafic lower crust into 
more silicic crust. 
 
Geology and tectonic setting 
Magmatism in the Cascade arc results from the subduction of the east-dipping Juan 
de Fuca plate beneath North America.  The young hot Juan de Fuca plate is ~10 Ma at the 
trench, and subducting at a rate of about 3-4 cm/year (Heaton and Kanamori, 1984; McCrory 
et al., 2004; Xue and Allen, 2007).  The arc stretches from northern California to southern 
British Columbia, and is subdivided into five main segments by Guffanti and Weaver (1988). 
These segments are identified by structural controls from the Juan de Fuca plate (e.g. dip of 
the slab, angle of subduction), as well as spatial, temporal, and compositional data from 3000 
volcanic vents (Guffanti and Weaver, 1988).  This segmentation was revised by Schmidt et 
al. (2008), who proposed division into four provinces based on isotopic characteristics of 
primitive magmas.  Their segmentation correlates with over-riding plate tectonics and mantle 
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processes (Schmidt et al., 2008) but does not differ significantly from that of Guffanti and 
Weaver (1988).  
Mt. Baker is located in the northernmost Cascade arc segment defined by Guffanti 
and Weaver (1988) and Schmidt et al. (2008), which extends from Mt. Meager in the north 
(in British Columbia) to Glacier Peak at the southern end (Figure 1).  On the flanks of the 
mountain and proximal to the main vents lie several smaller vents, craters, and Kulshan 
caldera, which, including the main stratocone, make up the Mt. Baker volcanic field (MBVF) 
(Hildreth et al., 2003).  Mt. Baker is ~90 km north of Glacier Peak, rises 3286 m above sea 
level, and is situated ~320 km from the subduction trench (Hildreth et al., 2003).  The 
subducting plate is at ~90-100 km depth beneath Mt. Baker (McCrory et al., 2004), and is 
~18 million years old (Green and Harry, 1999).  Crustal thickness is ~45 km thick 
(Ramachandran et al., 2006).  Mt. Baker is built directly on Paleozoic to Mesozoic 
metasediment and metavolcanic rocks including the Jurassic to Cretaceous Nooksack Group, 
and the Devonian to Permian Chilliwack Group (Brown et al., 1981; Tabor et al., 2003). 
Little is known about the crustal material at depth, though the plutonic complex exposed by 
the Straight Creek Fault may provide some insight (but will not be discussed at length here) 
(Tabor et al. 2003). 
The eruptive history of Mt. Baker and the surrounding volcanic field is given by 
Hildreth et al. (2003) (Figure 2).  This foundational study includes unit descriptions, a 
comprehensive set of age data, and geochemical data for major elements.  Major element 
data were presented, but were not discussed in detail.  Andesite and rhyodacite each 
contribute roughly half of the total eruptive volume within the MBVF, over the last 1.3 Ma 
(Hildreth, 1996; Hildreth et al., 2003).  Approximately 90% of the total eruptive volume on 
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Mt. Baker is composed of andesitic flows, while the rhyodacites are spatially and temporally 
limited to the Kulshan caldera forming event (1.15 Ma).  Basalt and dacite flows combined 
represent only 2-6% of the total eruptive volume within the MBVF (Hildreth et al., 2003). 
The minor dacite lava flows comprise ~3-7 km3 out of 217 km3 total erupted material from 
the MBVF (Hildreth et al., 2003).  These dacites comprise five distinct units that range in age 
from 1.19 Ma to 149 ka; the dacite dikes of Lake Ann, the dacite of the Barometer Mountain, 
the dacite of Mazama Lake, the dacite of Cougar Divide, and the dacite of Nooksack Falls 
(Hildreth et al., 2003).  The dacite dikes of Lake Ann, the dacite of the Barometer Mountain 
were erupted pre-Kulshan caldera, while the units analyzed in this study were all erupted post 
Kulshan caldera.  While major element data are provided by Hildreth et al. (2003), trace 
element data for these units are lacking.  Additional dacites are present in the andesite of 
Boulder Glacier (90 ± 52 ka), a composite unit with interlayered dacites and andesites, and 
are discussed by Baggerman and DeBari (2011).  This study focuses on the three mid-
Pleistocene dacite flows, with the goal of carefully characterizing their geochemical 
composition while attempting to limit the number of possible exterior influences (thus, only 
units erupted post Kulshan caldera were selected).  It should be noted that the names assigned 
by Hildreth et al. (2003) will be used in this study, with the understanding that the actual 
compositional range of the unit may be more extensive. An overview of each flow covered in 
this study is presented below.  
The dacite of Nooksack Falls forms a cliff at the base of the andesite of Pinus Lake, 
~850 m upstream from Nooksack Falls.  The most likely source vent is the Ochotona 
complex, though it is not certain (Hildreth et al., 2003).  This flow is roughly 80 meters thick 
at the base of the cliff, 60 meters in height, and 500 meters in length (Hildreth et al., 2003). 
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The flow is characterized by glassy vertical columns that thicken toward the center of the 
exposed outcrop. The columns are weathered to a grey color, and are black and glassy with 
obvious phenocrysts on fresh surfaces.  The flow yields a K-Ar date of 149 ± 5 ka (Hildreth 
et al., 2003).  
South of the dacite of Nooksack Falls, dacite of Cougar Divide forms a 200-m thick 
cap along the ridgeline of Cougar Divide, roughly 2.1 km long and 0.7 km wide. The flow 
rests directly on Nooksack argillite, and most likely originated from the Chowder Ridge dike 
swarm (Hildreth et al., 2003).  Outcrops vary in texture, exhibiting columnar jointing, and 
platy jointing, with the platy regions exposed near the top of the outcrop, and the columnar 
portion more commonly found near the base of the exposed flow.  Outcrops are weathered 
light grey, with some heterogeneity in color and degree of vesiculation.  The best exposed 
portions of the outcrop generally exist on the higher elevations of Cougar Divide proper.  The 
mid and lower portions of the flow are covered with thick vegetation, and only two outcrops 
were discernible in the lower portion of the flow. This flow yields a K-Ar date of 613 ± 8 ka 
(Hildreth et al., 2003).  
The dacite of Mazama Lake is a remnant of a flow from an unknown vent that forms 
a low ridge north of Mazama Lake and west of Iceberg Lake.  The flow is small in 
comparison to the dacite of Nooksack Falls and dacite of Cougar Divide, roughly 0.35 km 
long and 0.1 km wide (Hildreth et al., 2003).  This small scrap rests on Chilliwack basement. 
The majority of the outcrop is highly vesiculated, and has extensive weathering characterized 
by iron oxide staining that persists throughout the vesicles.  No K-Ar date exists for this flow, 
but Hildreth et al. (2003) place it in the mid-Pleistocene, soon after the Kulshan Caldera 
forming event (Hildreth et al., 2003).  The eastern end of the flow next to Iceberg Lake is 
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darker grey and non-vesiculated.  Samples from this region are more silica-poor than the rest 
of the flow and have markedly different petrographic textures (Table 1).  The origin of these 
silica-poor samples (hereafter referred to as the andesite of Mazama Lake) is difficult to 
determine.  One possibility is that these samples represent a remnant of the nearby andesite 
of Table Mountain.  The major element chemistry of the andesite of Mazama Lake is similar 
to andesite of Table Mountain (Hildreth et al., 2003); however without trace element data for 
the andesite of Table Mountain, or an age for the andesite of Mazama Lake, it is difficult to 
be certain.  Despite the uncertainty surrounding the origin of the andesite of Mazama Lake, 
the samples have been characterized in detail below and were still utilized in modeling, with 
the understanding that any results must be considered with care.  
Other units that have been characterized in detail, and that will be discussed in this 
study include: the basalt of Sulphur Creek (9.8 ka), the basalt of Lake Shannon (94 ± 21 ka), 
the basalt of Park Butte (716 ± 45 ka), the basaltic andesite of Tarn Plateau (203 ± 25 ka), the 
andesite of Boulder Glacier (90 ± 52 ka), and the andesite of Glacier Creek (14 ± 9 ka). 
Basalt volcanism is sparse, but persisted intermittently from the mid-Pleistocene (post-
Kulshan eruption), to the most recent known episode of volcanism in the MBVF (the basalt 
of Sulphur Creek).  Moore and DeBari (2011) provided in depth geochemical analysis for 
each basalt, and proposed that three distinct endmembers were present: a high-Mg basaltic 
andesite (HMBA) represented by the basaltic andesite of Tarn Plateau, a modified low-K 
tholeiitic basalt (LKOT-like) represented by the basalt of Park Butte, and a typical calc-
alkaline basalt represented by the basalt of Lake Shannon, and the basalt of Sulphur Creek. 
Spatially, these basaltic units are limited to the southern portion of the MBVF (Figure 2). 
Baggerman and DeBari (2011) provided analysis for two andesites (the andesite of Boulder 
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Glacier, and the andesite of Glacier Creek) associated with the main pulse of volcanism from 
the Mt. Baker stratocone.  They propose that the andesite of Boulder Glacier was the result of 
mixing between the basalt of Sulphur Creek, and a dacitic composition that was interlayered 
with the Boulder Glacier andesite.  The andesite of Glacier Creek is hypothesized to have 
formed through fractionation of a composition similar to Tarn Plateau basaltic andesite 
(Baggerman and DeBari, 2011; Moore and DeBari, 2011).  
 
Methods 
 The units discussed above were sampled extensively to ensure full representation.  A 
total of 29 samples were taken (9-10 per flow) to represent both horizontal and vertical extent 
of the flow, as best as the terrain would allow (Appendix A).  Visibly weathered portions of 
the outcrop were avoided when possible, but where present, weathered surfaces were chipped 
off.  Large fresh samples were then broken with a rock hammer, and pea sized chips were 
handpicked, avoiding pieces that exhibited weathering or hammer blow contamination. 
 
Whole Rock Analysis 
 Twenty samples were analyzed for 10 major element oxides and 12 trace elements 
(Sc, V, Ni, Cr, Ga, Cu, Zn, Rb, Ba, Sr, Zr, Y) by wavelength dispersive X-Ray fluorescence 
(WDXRF) analysis at the Washington State University (WSU) GeoAnalytical Lab with 
sample preparation done at Western Washington University (WWU).  Li-tetraborate fused 
beads were prepared at WWU in the following manner.  Roughly 50 g of fresh rock chips 
were ground for 10 minutes in a tungsten carbide grinding chamber, using a SPEX Mixer 
Mill.  Glass beads were prepared by mixing dry rock powder and dry Li-tetraborate flux in a 
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2:1 ratio  (7 g and 3.5 g respectively), then fusing the mixture at 1000°C in a muffle oven for 
10 minutes, following the method of Johnson et al. (1999).  Cooled beads were reground and 
refused using the methods above to ensure homogeneity in each sample.  Finished beads 
were analyzed at WSU using a ThermoARL Advant'XP+ sequential XRF spectrometer.  
Accuracy is determined by the WSU GeoAnalytical Lab by the comparison of two known 
USGS standards with duplicate USGS standards prepared at WSU.  Johnson et al. (1999) 
provides data that indicates the maximum difference detected between USGS known values 
and WSU results for major elements are as follows: <0.60 wt. % for SiO2 and FeO; <0.40 wt. 
% MgO, ≤0.20 wt. % for Al2O3, and Na2O; <0.10 wt. % for TiO2, CaO, K2O and P2O5; and 
<0.01 wt. % for MnO.  When considering trace elements, values of Ni, Cr, and V obtained by 
XRF are only semi-quantitative below 30 ppm.  The remaining trace elements analyzed by 
XRF are precise and reproducible in standards down values from 1 to 3 ppm. Major and trace 
element data are given in Table 2. Values reported in Table 2 for Rb, Ba, Sr, Zr and Y are 
from inductively coupled plasma mass spectrometer (ICP-MS) analysis, but are similar to 
XRF analysis (within error). 
 Lanthanide series rare earth elements (REEs) and trace elements (Ba, Rb, Y, Cs, Hf, 
Pb, Th, U, Sr, and Zr) were analyzed for 29 samples at the WSU GeoAnalytical Lab by use 
of an inductively coupled plasma mass spectrometer (ICP-MS).  Roughly 50 g of fresh rock 
chips were ground for 10 minutes in a tungsten carbide grinding chamber, using a SPEX 
Mixer Mill.  Glass beads were prepared by mixing dry rock powder and dry Li-tetraborate 
flux in a 1:1 ratio  (2 g each), then fusing the mixture at 1000°C in a muffle oven for 10 
minutes, following the method of Johnson et al. (1999).  Cooled beads were reground for ten 
minutes. Resulting powders were analyzed at WSU using an Agilent 7700 ICP-MS. 
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Methods, accuracy and precision are discussed by Knaack et al. (1994). Johnson et al. (1999) 
provides data for the maximum measured differences between USGS known values and 
WSU results for each trace element: <40 ppm for Ba; <30 ppm for Sr and Zr,; ≤5 ppm for La, 
Ce Pr, Nd, Sm, Dy, Hf, Th, Pb, and Sc; <3 for Rb, and Y; <1 ppm for Gd, Er and U; <0.5 
ppm for Eu, Tm, Yb, Ho, and Cs; and ≤0.1 ppm for Tb and Lu.  Trace element data is 
reported in Table 2. Concentrations of Ba, Sr, Zr, Rb, and Y determined via XRF are similar 
(within error) to the values determined via ICP-MS.  The values for these elements reported 
in Table 2 are from ICP-MS analysis.  
 
Electron Microprobe 
 Samples were selected for microprobe analysis based on major element data.  Six 
samples were selected to represent the most Si-rich and Si-poor members of each unit.  Five 
additional samples were selected to investigate any conspicuous trends.   
 Pyroxene and plagioclase were analyzed at Oregon State University, using a Cameca 
SX-100 Electron Microprobe equipped with five wavelength dispersive spectrometers and 
one energy dispersive spectrometer.  Calibration for each element was achieved through a 
standard set of minerals.  Accelerating voltage was 15 kV, and the beam current was set to 30 
nA.  Phenocrysts and groundmass grains were analyzed at a beam diameter of 10 µm. 
Element peaks were counted for a minimum of 30 seconds for Si, Al, Mg, Cr, Ti, Ca, Ni and 
Mn, 20 seconds for K, and 10 seconds for Fe and Na.  
 Olivine, Fe-Ti oxides, and amphibole were analyzed at the University of Washington, 
using a JEOL 733 Superprobe.  For olivine and Fe-Ti oxides, accelerating voltage was set to 
15 kV, and the beam current was set to 15 nA.  Phenocrysts and groundmass grains were 
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analyzed at a beam diameter of 0.20 µm.  For amphibole, accelerating voltage was set to 15 
kV, the beam current was set to 10 nA, and the beam diameter was set to beam 5µm. For Fe-
Ti oxides, Ti was calibrated on rutile, and Fe was calibrated on hematite.  Element peaks 
were counted for 20-40 seconds for all elements analyzed. 
 
Results 
Petrography and Mineral Chemistry 
The following sections describe textures and mineral chemistry observed in each 
dacite flow.  Rough estimates of mineral modes, determined by thin section point counts 
(~400-500 points per thin section), and notable textures are outlined in Table 1.  Mineral 
chemistry is given in Tables 3-8. Plagioclase and pyroxene compositions are presented in 
Figure 3. 
 
The dacite of Nooksack Falls 
The dacite of Nooksack Falls is porphyritic, with 15-25% phenocrysts of plagioclase, 
hornblende, clinopyroxene, orthopyroxene, and Fe-Ti oxides in a glassy groundmass with 
sparse groundmass crystals (groundmass crystals are ~60 µm in size, and lack disequilibrium 
textures).  Alternating tan and black bands of glass are visible in thin section.   
Plagioclase is the most abundant phenocryst (61-65% of the phenocryst population). 
Phenocrysts range in size from 0.75 to 3.0 mm, and have three distinct textural populations. 
The first population is characterized by pronounced blebby coarse sieve texture in anhedral 
to subhedral crystals (0.75-3.0 mm) that range from An44-54, and are estimated to make up 
roughly 70% of the total plagioclase population (Table 3, Figure 4a). Some of these crystals 
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have clear calcic growth rim regions (An47-54) around the sieved region, and many appear 
broken.  Sr concentrations range from 0.01-0.30 wt. % SrO. Sieve textures are either 
restricted to the core of the crystal or the rim of the crystal.  The second population is 
subhedral to euhedral phenocrysts and microphenocrysts (0.25-1.0 mm) characterized by lack 
of sieve texture or obvious growth rims, and is estimated to make up roughly 20% of the total 
plagioclase population (Figure 4a).  Unsieved crystals range in composition from An53-87, and 
exhibit a variety of zoning patterns; normal, reverse, and oscillatory. Sr concentrations range 
from 0.17-0.44 wt % SrO, which is generally higher than the coarse sieved plagioclase 
crystals.  The third population consists of finely sieved plagioclase grains, with clear 
overgrowth rims.  These grains similar in size to the coarsely sieved grains, yet are sparse 
(estimated to make up roughly 10% of the plagioclase population), and no geochemical data 
were collected for these grains.  In general, the sieved population tends to be more sodic in 
composition compared to the unsieved population (Figure 5). Of the grains analyzed, 
oscillatory zoning appears restricted to unsieved grains.  
Hornblende (29-36% of the population) forms 0.25-3.0 mm subhedral to euhedral 
elongate crystals (Mg# 68-72), and are not zoned (Table 4).  Thin dark rims consisting of 
fine-grained pyroxene and plagioclase are common, and a few grains have resorbed cores 
(Figure 4b).  Acicular amphibole microphenocrysts (50-500 µm in size) are often completely 
replaced by fine-grained pyroxene and plagioclase.  
Clinopyroxene (1-2% of total phenocrysts; 0.5-1.0 mm) and orthopyroxene (0-3% of 
total phenocrysts; 0.25-0.75 mm) occur as sub- to euhedral equant crystals.  Clinopyroxene 
grains (Mg# 70-84) generally exhibit normal zoning, though a few grains have patchy 
zoning, or sector zoning (Table 5, Figure 4c).  Weak reverse zoning was observed in only 
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one clinopyroxene in a crystal clot (Mg# 73 core to Mg# 78 rim).  Some of the most Mg-rich 
grains (Mg#81-84) also contain high Cr2O3 wt % (0.23-0.75 wt. %).  Orthopyroxene 
phenocrysts from a crystal clot have core Mg# 80-81 (Table 6). BSE images from this crystal 
clot show very thin rims of a different composition (possibly more Fe-rich), but are otherwise 
compositionally homogenous.  
Titanomagnetite and ilmenite (1-5% of the phenocryst population) are generally sub- to 
euhedral equant crystals and 0.1-0.5 mm in size (compositions in Table 7).  Ilmenite is 
noticeably sparser than titanomagnetite.  Only one grain of ilmenite was located and 
analyzed, and yielded compositions 47.43 wt% FeOT and 47.50 wt % TiO2.  Titanomagnetite 
grains have compositions of 75.59-83.13 wt% FeOT and 6.58-15.62 wt % TiO2. 
In summary, some of the crystals observed in the dacite of Nooksack Falls, such as Cr-
rich, high-Mg clinopyroxene grains, and calcic plagioclase with high Sr concentrations are 
likely xenocrystic.  These grains could be brought in by a basaltic magma, or from cumulate 
material.  It is important to note that these xenocrystic crystals probably represent only a 
small addition to the dacite of Nooksack Falls as the population of mafic crystals is minor in 
comparison to the rest of the phenocryst population, and to the whole rock volume. 
Assuming 20% of the plagioclase population is xenocrystic, and all of the pyroxene phases 
(~5% of the phenocryst population) are xenocrystic (which is probably not the case), the 
added crystals only represent ~5% of the total rock volume.  Due to the lack of geochemical 
data for the finely sieved plagioclase it is difficult to determine whether these grains 
originated from the dacite of Nooksack Falls, or from another source.  
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The dacite of Cougar Divide 
The dacite of Cougar Divide is a texturally (and geochemically) heterogeneous 
porphyritic flow, with 20-35% phenocrysts of plagioclase, clinopyroxene, orthopyroxene, 
olivine, and Fe-Ti oxides in an intersertal groundmass < 0.25 mm in size.  Sparse resorbed 
amphibole crystals are present in a few samples, in modes of <1%.  Heterogeneities visible in 
hand sample and thin section include regions that vary in color, glass content, phenocryst 
size, and phenocryst population. Samples show varying degrees of vesiculation, from 0-14%. 
Two distinct types of inclusions are present; 1) devitrified blebs composed of small (0.5-1.0 
mm) plagioclase laths, granular clinopyroxene, 2) glomeroporphyritic crystal clots 2-3 mm in 
diameter containing plagioclase ± clinopyroxene ± orthopyroxene ± olivine (Figure 4d).  
Plagioclase (An33-79) is the most abundant phenocryst (72-80% of the phenocryst 
population), generally 0.75-5.0 mm in size (Table 3).  Two distinct populations are 
petrographically distinguishable; unsieved, and sieved (as well as plagioclase in crystal clots 
described below).  Unsieved grains represent the dominant population of plagioclase grains 
(An33-69).  They are typically euhedral to subhedral, and some exhibit clear sodic overgrowth 
rims (An33-41) (Figure 4e).  Observed zoning patterns include normal, reverse, and oscillatory 
zoning.  Coarsely sieved (An37-79) and finely sieved grains (An38-62) are typically subhedral to 
anhedral, and contain coarse glassy blebs, or fine grained cryptic inclusions, respectively 
(Figure 4e).  Observed zoning patterns include reverse zoning (An38 core, An62 rim), and 
oscillatory zoning.  The intensity of the oscillatory zoning varies; one analyzed phenocryst 
had an intermediate region with very high An content (An79) surrounded by a sodic rim 
(An40), while others showed only slight oscillations.  Grains with normal zoning (which 
appear only in unsieved grains in this sample set) generally have more An rich cores than 
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cores or rims from reversely zoned grains, with the exception of a thin calcic rim on a sieved 
grain (Figure 6).  Microlitic plagioclase in the groundmass (<0.25 mm, An40-62) lacks 
disequilibrium textures.  Plagioclase grains also exist in crystal clots; unsieved grains in 
crystal clots are An34-59, sieved grains were not analyzed.  
Clinopyroxene (7-16% of the phenocryst population) forms 0.25-1.0 mm subhedral to 
euhedral equant crystals (Mg# 67-81) displaying three different patterns of zoning; normal, 
reverse, and unzoned or very weakly zoned (Table 5).  They occur as individual phenocrysts 
or microphenocrysts, or in crystal clots, and generally lack disequilibrium textures.  Crystals 
displaying normal zoning have cores with Mg# 73-75 and rims with Mg# 69-71.  Crystals 
displaying reverse zoning have cores with Mg# 68-72 and rims with Mg# 72-81.  Some of 
the reversely zoned grains have very thin rims that are either Mg-rich (Mg# 81), or more Fe-
rich (Mg# 68).  Unzoned or weakly zoned grains show only slight variation in chemical 
composition from core to rim (Mg# 70-72).  Two clinopyroxene cores analyzed in crystal 
clots yielded Mg# 75, which represent the Mg-rich end of the spectrum observed within the 
sample set (with the exception of the thin Mg# 81 mafic rim).  
Orthopyroxene (2-11% of total phenocryst population) forms 0.25-2.0 mm subhedral to 
euhedral equant crystals (Mg# 63-85) displaying two distinct zoning patterns; 1) unzoned, 
and 2) strong reverse zoning (Table 6).  Unzoned grains exist as individual phenocrysts and 
microphenocrysts (Mg# 64-72), as well as in crystal clots (Mg# 65-66), and occasionally host 
small numerous inclusions of Fe-Ti oxides, and apatite. Crystals displaying strong reverse 
zoning have cores with Mg# 67-71 cores and rims with Mg# 74-85 rims, and are clear and 
unsieved (Figure 4f).  
 
 
16 
 
Olivine (0-4% of the total phenocrysts) occurs as 0.25-0.75 mm anhedral equant crystals 
with embayed rims, and is found as individual phenocrysts or as grains within crystal clots. 
Phenocryst compositions average Fo81-83 with ~0.16 wt% NiO.  Two olivine inclusions in an 
orthopyroxene phenocryst yielded slightly lower Fo content (Fo76) and 0.07-0.10 wt% NiO 
(Table 8).   
Titanomagnetite and ilmenite (1-5% of the phenocryst population) are generally sub- to 
euhedral equant crystals and 0.1-0.5 mm in size (compositions in Table 7). Ilmenite grains 
have compositions of 48.57-50.42 wt% FeOT and 43.03-47.40 wt % TiO2.  Titanomagnetite 
grains have compositions of 76.87-83.53 wt% FeOT and 7.95-13.42 wt % TiO2. 
In summary, multiple plagioclase textural populations with complex zoning patterns and 
indiscriminate compositions, as well as strong reverse zoning in pyroxenes suggest the 
formation of this the dacite of Cougar Divide was complex, and probably involved multiple 
sources.  
 
The dacite of Mazama Lake 
The dacite of Mazama Lake is porphyritic, with 25-30% phenocrysts of plagioclase, 
clinopyroxene, orthopyroxene, and Fe-Ti oxides in an intersertal groundmass (0.10-0.40 
mm).  Most samples are vesicular (~9%), and vesicles are often filled with red oxides, 
probably hematite.  Several samples are cumulophyric, containing 2.0-3.5 mm crystal clots of 
plagioclase ± clinopyroxene ± orthopyroxene (Figure 4g).  Samples from the east end of the 
flow (e.g. ml4 and ml5) are markedly more cumulophyric, have more microlitic plagioclase 
in the groundmass, and are compositionally distinct (see below).  
 
 
17 
 
Plagioclase (An34-61, 88-90% of the phenocryst population) occurs as 0.5-4.0 mm 
subhedral to euhedral grains, varying from equant to elongate (Table 3).  Most grains are 
unsieved, and exist as individual grains, or in crystal clots.  Phenocrysts (An34-60), 
microphenocrysts (An41-53), and grains in crystals clots (An35-61) all generally exhibit normal 
zoning. A few plagioclase crystals have calcic overgrowth rims (An44-46).  Microlitic 
plagioclase in the groundmass (An42-48, 0.1-0.4 mm) lacks disequilibrium textures.  
Clinopyroxene (Mg# 68-76, 1-6% of the phenocryst population) and orthopyroxene 
(Mg# 63-71, 2-3% of phenocryst population) form 0.25-2.0 mm sub- to euhedral equant 
crystals (Table 5).  In general, zoning is weak, and often normal. Clinopyroxene grains in 
clots tend to be more magnesian (Mg# 70-75) than isolated phenocrysts, while orthopyroxene 
grains in clots are comparatively less Mg rich (Mg# 63-64) than isolated phenocrysts (Table 
6). Orthopyroxene phenocrysts are often partially resorbed.  Titanomagnetite and ilmenite (3-
5% of the phenocryst population) are generally sub- to euhedral equant crystals (Table 7). 
Ilmenite grains have compositions of 52.38-54.52 wt% FeOT and 39.12-41.27 wt % TiO2. 
Titanomagnetite grains have compositions of 74.49-80.24 wt% FeOT and 5.97-10.12 wt % 
TiO2. 
In summary, most of the crystals observed in the dacite of Mazama Lake are probably 
original. Sparse reverse zoned plagioclase, and a few more Mg-rich clinopyroxenes hosted in 
crystal clots are probably xenocrystic, but these grains are the exception.     
Samples from the east end of the flow (ml4 and ml5) are petrographically distinct from 
the other samples.  They contain abundant microlitic plagioclase, contain more cumulophyric 
clots, and lack vesicles (Figure 4h).  As described below, whole rock compositions are 
distinctly more mafic than the majority of the samples from the Mazama Lake dacite unit 
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(Table 2).  Individual plagioclase phenocrysts and microphenocrysts (~86% of the total 
phenocryst population, An32-52) are either unsieved, or finely sieved, and have complex 
oscillatory zoning patterns (Table 3).  Additionally, thin overgrowth rims are variable, and 
can be more sodic or more calcic than their respective cores (Table 3).  Two clinopyroxene 
populations are present (~5% total phenocryst population); 1) Reversely zoned grains (Mg# 
67-72 cores, Mg# 74-83 rims), and 2) unzoned to weakly zoned grains (Mg# 71-72).  Rims 
of reversely zoned clinopyroxene grains have Cr concentrations as high as ~0.52 wt % Cr2O3. 
Orthopyroxene phenocrysts (~6% total phenocryst population) have distinct magnesian 
overgrowth rims (Mg# 71-77 cores, 77-81 rims).  Ilmenite and titanomagnetite grains (~2% 
total phenocryst population) from sample ml4 yield slightly more titaniferous compositions 
than grains from the more felsic Mazama Lake dacites.  Ilmenite grains have compositions of 
49.21-52.79 wt% FeOT and 44.04-45.58 wt % TiO2.  Titanomagnetite grains have 
compositions of 77.33-78.51 wt% FeOT and 12.44-15.27 wt % TiO2.  Trace amounts of 
olivine (≤ 1%, Fo79-82, ~0.30 wt% NiO) are also present (Table 8). Crystal clots (2.0-3.5 mm) 
consist of plagioclase (An48-69) ±clinopyroxene (Mg# 70-72) ±orthopyroxene ±olivine, and 
are surrounded by abundant microlitic (0.1 to 0.75 mm) plagioclase (An60). 
 
Whole Rock Chemistry 
 Whole rock major element and trace element data are presented in Table 2. Samples 
from all dacite units are mainly subalkaline and calc-alkaline based on the criteria of Irvine 
and Baragar (1971).  Samples range from medium-K (Mazama Lake dacite and andesite, and 
Cougar Divide dacite and andesite) to high-K (Nooksack Falls dacite) using fields defined by 
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Gill (1981).  Samples from each unit are distinguishable by distinct differences in major 
element and trace element chemistry, but bear notable similarities in REE composition.  
 
The dacite of Nooksack Falls 
 The dacite of Nooksack Falls is the only dacite discussed in this study that contains 
amphibole as a major phenocryst mode, and its chemistry is distinct from the other units.  
The sample set from the dacite of Nooksack Falls is chemically homogenous. Silica 
concentrations range from 63.5to 65.3 wt. % SiO2, and samples cluster in the trachydacite 
region of a total alkali-silica (TAS) diagram (Le Maitre et al., 1989) (Figure 7).  Samples 
from the dacite Nooksack Falls unit are noticeably enriched in Na2O, K2O and P2O5 relative 
to the dacite of Cougar Divide, and the dacite of Mazama Lake (Figures 7, 8).  The dacite of 
Nooksack Falls has the highest concentrations of incompatible trace elements, with 
noticeably elevated values for Rb, Th, U, Sr, Zr, and Hf, and light rare earth elements 
(LREEs) despite having lower silica content than dacite of Mazama Lake (Figures 9,10).  
The exception is heavy rare earth element (HREE) abundances, which overlap for all three 
units, and two low silica samples from the Mazama Lake unit, which have the highest Sr 
content (Figure 11).  REE patterns are U-shaped with small negative Eu anomalies (Eu/Eu* = 
0.8-0.9) and, given the elevated concentrations of LREEs, REE patterns are slightly steeper 
than the other units, with (La/Yb)Normalized = 7.4-7.7.  Overall, the composition of the dacite of 
Nooksack Falls is remarkably homogeneous, with little variation in major and trace element 
data (Figure 11b).  
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The dacite of Cougar Divide 
The dacite of Cougar Divide exhibits variation in comparison, ranging from andesitic 
to dacitic in composition (60.7 to 65.2 wt. % SiO2) (Figure 7).  In contrast to the other dacite 
units, samples display somewhat linear trends on variation diagrams (Figures 8, 9).  Major 
element variation diagrams (Figure 8) display trends for Cougar Divide dacites and andesites 
of decreasing MgO, FeO*, Al2O3, and CaO, and increasing Na2O and K2O with increasing 
SiO2.  Trace element variation diagrams (Figure 9) display weak trends for Cougar Divide 
dacite and andesite compositions of decreasing Sr, and Cr and increasing Zr with increasing 
SiO2.  The dacite of Cougar Divide has lower SiO2 content than the dacite of Nooksack Falls, 
and the dacite of Mazama Lake, as well as the highest concentrations of MgO (2.3-3.0 wt% 
MgO), Ni (5-20 ppm), and Cr (20-27 ppm), with the exception of the andesite Mazama Lake. 
REE plots have similar patterns and Eu anomalies (Eu/Eu* = 0.8-0.9) as Nooksack Falls 
dacite but with shallower slopes ((La/Yb)Normalized = 5.2-6.1) (Figures 10, 11).  Spider 
diagram patterns are also similar to the dacite of Nooksack Falls, but with overall lower 
incompatible element abundances.  
 
The dacite of Mazama Lake 
 Variation in the dacite of Mazama Lake is bimodal; samples collected from the 
majority of the unit are dacitic (65.4 – 66.4 wt. % SiO2) except for the eastern edge, where 
two andesitic samples were collected (samples JG-ml4 and JG-ml5, 61.62 and 61.62 wt. % 
SiO2 respectively) (Figure 7).  The dacite of Mazama Lake provides the most variety in 
whole rock chemistry with a distinct compositional gap between non-vesiculated samples 
from the east end of the flow (ml4 and ml5), and the rest of the Mazama Lake samples. 
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Samples ml4 and ml5, are andesitic, while the remaining samples are dacitic, and are the 
most silica-rich samples analyzed in this study (Figure 8,9).  Both andesitic and dacitic 
Mazama Lake exhibit REE patterns very similar to Cougar Divide dacite, with the exception 
of four Mazama Lake dacite samples that have distinctive patterns with mirror-image Eu 
anomalies.  This variation in element concentrations is restricted to REE and Y.  Averaging 
REE and Eu abundances of these anomalous samples produces a pattern that fits the trend 
observed in the rest of the Mazama Lake samples.  Plagioclase content could be responsible 
for the variation in REE abundances and mirror image Eu anomalies, and should produce a 
correlation between Eu/Eu* values and Sr content in the whole rock chemistry, but no clear 
correlation is observed.  Small fluctuations in apatite content may also produce this effect, 
though a similar problem arises; no apparent correlation is present between Eu/Eu* and P2O5. 
Another possibility is small variation in sphene content.  Partition coefficients for REE and Y 
between sphene and dacitic liquid are extraordinarily high, which would exercise notable 
influence over REE concentrations (Figure 12) (Bachmann et al., 2005).  Additionally, these 
small fluctuations, sufficient enough to disturb the REE patterns, would not produce the same 
changes in TiO2 content (as the presence of Fe-Ti oxides would dilute the influence of a 
minor accessory phase over TiO2), and are thus relatively cryptic.  None of these 
explanations are readily obvious in the phenocryst assemblage; variation in plagioclase 
modes is very small and attempting to reconcile disparities in tiny accessory phases like 
apatite and sphene would likely prove qualitative at best.  Though not ideal, sphene offers a 
permissible explanation for the REE and Y fluctuation in andesitic and dacitic Mazama Lake 
compositions.  
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Intensive Parameters 
 Fe-Ti thermometry for coexisting magnetite and ilmenite pairs using QUILF 
(Andersen et al., 1993) based on the methods of Andersen (1988) was used to constrain 
temperatures and oxygen fugacities for all three dacites units (Table 9, Figure 13).  Pairs 
were selected based on the criteria discussed by Bacon and Hirschman (1988). Only one Fe-
Ti oxide pair was analyzed in the dacite of Nooksack Falls, which yielded pre-eruptive 
temperatures of 845 °C, and oxygen fugacity of -13.0 log units, just above the NNO buffer 
(slightly more reduced than the other units).  Four pairs were analyzed for Cougar Divide 
samples (both dacitic and andesitic), which yielded pre-eruptive temperatures ranging from 
746 to 887 °C and oxygen fugacities ranging from -11.4 to -14.6 log units, up to one log unit 
above the NNO buffer.  Three pairs were analyzed for the dacite of Mazama Lake, which 
yielded pre-eruptive temperatures ranging from 833 to 860 °C and oxygen fugacities ranging 
from -11.4 to -11.8 log units, ~1 log unit above the NNO buffer.  One pair was analyzed for 
the andesite of Mazama Lake, which yielded a pre-eruptive temperature of 837 °C, and lies 
above the NNO buffer, but below the dacite of Mazama Lake.   
 Two-pyroxene thermometry was performed using QUILF, following the methods of 
Andersen et al. (1993).  Estimated equilibrium pyroxene pairs (orthopyroxene and 
clinopyroxene) were selected based on proximity (spatially), type (phenocrysts, crystal clots, 
or matrix crystals), location (cores versus rims) and lack of visible disequilibrium textures. 
Pyroxene pairs and temperature are presented in Table 10.  For the dacite of Nooksack Falls, 
limited orthopyroxene data were available and thus only one pyroxene pair in a crystal clot 
provided temperatures (1020 °C).  This temperature is significantly higher than that from Fe-
Ti thermometry of phenocrysts, and suggests that crystal clots represent early fractionate 
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higher-temperature cumulate material.  Pyroxene pairs from the sample JG-cd2 (which falls 
on the border of andesite and dacite) yielded temperatures of 884 C° (using core 
compositions) to 892 C° (using rim compositions).  Pairs from the dacite of Mazama Lake 
yielded temperatures of 847-916 °C, roughly 100 C° cooler than Mazama Lake andesite 
(980-1013 °C), which is reasonable given the more mafic nature of the andesite of Mazama 
Lake.   
 
Discussion 
The origin and petrogenesis of silicic magmas from various volcanic centers in the 
Cascade Range have been attributed to a variety of explanations.  Most intriguing is the 
possibility that, because of the young and hot nature of the subducting Juan de Fuca plate, 
melts of the subducting plate may be present, as argued by some authors for Mount St. 
Helens dacites (Defant and Drummond, 1993).  Alternately, these silicic magmas may be a 
result of melting of pre-existing crust or fractionates of mantle-derived magmas.   
Discussed below is geochemical and textural evidence that favors a primarily crustal 
genesis model (fractionation and/or crustal melting) over slab melt model for felsic melts at 
Mt. Baker.  In addition, mineral chemistry and textural evidence is presented to discriminate 
between felsic endmember magmas and mixed hybrid magmas.  Potential petrogenetic 
scenarios for the felsic endmembers are presented, as well as the role in magma mixing to 
produce hybrid compositions.  
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Origin of the dacites; slab or crust derived? 
The original term adakite proposed by Defant and Drummond (1990), refers to the 
type locality Adak Island, Alaska, where Kay (1978) first characterized high magnesium 
andesites thought to be derived from partial melt of the subducting oceanic crust.  In an effort 
to clearly define the term “adakite”, Drummond and Defant (1990) produced a list of specific 
geochemical criteria which a sample should meet to be classified as adakite.  These criteria 
were meant to classify rocks as “slab melt”, though the term adakite has now been expanded 
to consider similar intermediate and felsic melts derived from other sources (such as 
thickened garnet-bearing lower crust) (e.g. Garrison and Davidson, 2003; Castillo, 2006).  
The chief geochemical criteria in defining slab derived adakites are the signatures of 
residual garnet (a major constituent of eclogitized slab) as indicated by high Sr/Y and La/Yb 
(Defant and Drummond, 1990; Defant and Drummond, 1993).  Additionally, mineralogical 
evidence such as gradational reverse zoning, high Mg# and compatible trace element 
abundances (such as Ni, and Cr), signify a reaction with mantle material (through which a 
melt would travel to reach the crust) should be present (Yogodzinski and Kelemen, 1998). 
When these criteria are applied to Baker dacites, it is clear that an adakitic origin (slab melt 
or thickened garnet-bearing lower crust) is not supportable.  The majority of the Baker 
dacites plot outside the high Sr/Y adakite field (Figure 14), have (La/Yb)N < 10 and, as such, 
are not sufficiently LREE enriched and HREE depleted to be considered unmodified melts of 
garnet-bearing source region.  Samples ml2 and ml3 do plot within the adakite field, but this 
is the result of the variation in REE and Y Mazama Lake dacites discussed above in the 
geochemical summary.  Samples from Mount St. Helens (Figure 14), considered to be 
derived from slab melt by some (Defant and Drummond, 1993), and partial melting of lower 
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crust by others (Smith and Leeman, 1987), are distinct in that they have higher Sr/Y (~41.5 ± 
9.8) (Defant and Drummond, 1993) and steeper REE patterns than Baker dacites (though not 
as steep as is stipulated for adakites by Defant and Drummond (1993).  In addition, reversely 
zoned pyroxene grains observed in the dacite of Cougar Divide, and the andesite of Mazama 
Lake have abrupt rims regions that are more magnesian than the core, and do not exhibit 
gradational zoning.  Even though these grains have high Mg#s, as well as elevated Cr and Ni 
concentrations, the nature of the zoning pattern and other observed phenocryst textures 
(discussed below) are better explained by mixing processes.   
In summary, the absence of a garnet signature rules out slab melt as a major 
contributor to the genesis of the dacites, leaving crustal processes to account for the primary 
geochemical signature of the Baker dacites.  Additionally, the absence of a garnet signature 
also rules out derivation from garnet-bearing granulitic or eclogitic lower crust. 
 
Petrologic evidence for endmember vs. hybrid magmas 
Mineral chemistry and textures can provide indicators as to whether any of the dacites 
analyzed in this study represent a silicic endmember composition derived by fractionation, 
relatively unaltered by mixing or assimilation, or a hybrid unit that obtained its geochemical 
characteristics from multiple sources.  Mineral compositions, chemical zoning and 
disequilibrium textures provide evidence that indicates the dacite of Nooksack Falls has 
undergone some contamination, while the dacite of Mazama is a close representative of its 
original composition.  In contrast, andesitic and dacitic Cougar Divide compositions and 
andesitic Mazama Lake compositions possess chemical and textural evidence for mixing, and 
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thus represent hybrid compositions.  Mineral textures and zoning patterns are summarized 
and interpreted in Table 11. 
 
The dacite of Nooksack Falls 
The dacite of Nooksack Falls is complex and subject to a history of contamination. 
Despite this, the chemical homogeneity suggests dacite of Nooksack Falls still represents a 
near endmember composition which obtained the majority of its geochemical characteristics 
from processes other than mixing (such as partial melt, or crystal fractionation).  
Geochemical and textural evidence from plagioclase and clinopyroxene provide evidence for 
contamination, however these crystal populations compose only a small part of the whole 
rock (estimated addition of ~5% xenocrystic material based on crystal abundances), and 
therefore their effects are probably limited.  
The distinct compositional differences between textural populations of coarse and 
unsieved plagioclase populations suggest that one of these populations is not native to the 
dacite of Nooksack Falls.  The unsieved plagioclase crystals are clearly more calcic and have 
Sr concentrations that are equal to, or greater than those observed in the more sodic coarse 
sieved grains.  Because Sr compatibility in plagioclase increases with sodium content 
(Blundy and Wood, 1991), the coarse sieved and unsieved plagioclase cannot be crystallized 
from the same felsic melt composition.  Instead, the unsieved plagioclase crystals must have 
crystallized from a magma still relatively enriched in Sr (a more primitive, mafic source). 
Crystal compositions suggest xenocrystic material could have come from either a basaltic 
magma, or mafic cumulate material.  Some of these unsieved grains have similar An content 
and Sr concentrations to plagioclase grains in Mt. Baker basalts (Moore and DeBari, 2011) 
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while others suggest they came from a cumulate pile (i.e. Sr concentrations are too high to 
have crystallized from a basalt).  Similarly, clinopyroxene compositions also provide 
evidence of contamination from a mafic source.  Equilibrium conditions were analyzed for 
several clinopyroxene cores in the dacite of Nooksack Falls.  The equilibrium relationship 
between clinopyroxene and a liquid is defined as 
KD = (Fe/Mg)clinopyroxene/(Fe/Mg)liquid 
with a KD of 0.23 experimentally determined by Sisson and Grove (1993).  Some core 
compositions are in equilibrium with the liquid (Figure 15a) while others are too Mg-rich 
(i.e. lie above the equilibrium envelope), or too Mg-poor enough (i.e. lie below the 
equilibrium envelope).  Core compositions that are too Mg-poor are from a reversely zoned 
clinopyroxene, core compositions that are in equilibrium originate from normally zoned 
phenocrysts, and core compositions that are too Mg-rich originate from crystal clots and 
normally zoned individual phenocrysts (Figure 15a).  These relationships suggest that there 
are two populations of clinopyroxene; some phenocrysts crystallized from the liquid, while 
other grains were brought in through mixing (along with the unsieved calcic plagioclase). 
This is supported by Cr abundance in clinopyroxene; the majority of the clinopyroxene from 
the dacite of Nooksack Falls has low Cr concentrations (e.g., 0.01-0.06 wt% Cr2O3), while a 
few analyzed crystals yielded much higher concentrations (0.23-0.75 wt% Cr2O3).  Though 
Fe-Mg crystal-melt partitioning is not well as characterized for orthopyroxene as it is 
clinopyroxene, the orthopyroxene crystals were probably derived in a similar manner. 
Precise measurements of the amount of contamination are difficult to evaluate with the 
current data set.  Based on the small volume of unsieved plagioclase and Cr-rich 
clinopyroxene (combined create roughly 4.5% of the total rock volume), the amount of 
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contamination was probably small.  If small volume of basaltic magma mixed into the dacite 
of Nooksack Falls, it was probably quenched and may have only interacted with a small 
portion of the dacite (a possible origin for the finely sieved plagioclase, and an explanation as 
to why they are so few).  As no obvious quenched mafic inclusions exist, the quenched 
material must have had time to disaggregate.  Alternately, if the dacite of Nooksack Falls 
represented a liquid filter pressed from a cumulate pile (discussed in detail in the section 
entitled “Genesis of the felsic endmembers”), cumulate material could easily be incorporated 
during this process.   
  In addition to the Cr-poor clinopyroxene (and presumably a portion of the 
orthopyroxene population) that is likely native to the dacite of Nooksack Falls, coarsely 
sieved plagioclase and hornblende are also good candidates for phases crystallized directly 
from the dacite of Nooksack Falls.  Coarsely sieved plagioclase phenocrysts are distinctly 
more sodic compositions than unsieved grain plagioclase.  The origin of the finely sieved 
plagioclase grains is currently cryptic due to a lack of geochemical data.  The finely sieved 
texture in plagioclase has been reproduced experimentally by Tsuchiyama (1985), who 
demonstrated that contact between plagioclase and hotter magma, or more mafic magma (or 
both) triggered resorption in the plagioclase, which formed melt channels and later 
recrystallized to leave behind fine glassy blebs.  In the case of the dacite of Nooksack Falls, 
the finely sieved grains could represent a small population of grains that came into direct 
contact with the aforementioned mafic contamination component.  They could also represent 
an entirely different contamination component, however their presence is minimal, and thus 
their influence on the overall composition of the dacite is probably limited.  The hornblende 
population is chemically homogenous, and individual phenocrysts are unzoned.  Since 
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hornblende is sensitive to changes in pressure, temperature, and oxygen fugacity (e.g. Al 
sensitivity to temperature, Bachmann and Dungan, 2002), xenocrystic crystals would likely 
exhibit zoning as they encountered the cooler dacitic magma.  Similarly, their lack of zoning 
suggests they probably crystallized after contamination, or had no contact with contaminant. 
The thin opacite rims on the hornblende phenocrysts are probably the result of eruption as 
they are present on all grains, and tend to replace the smaller microphenocrysts.  
In summary, petrographic textures and mineral chemistry indicate the dacite of 
Nooksack Falls has likely been mixed with some mafic material.  Origins for this mafic 
material include; (1) crystals from a cumulate pile, or (2) a basaltic magma, or both.  No 
obvious mixing textures or indication of quenched basaltic magma are present, suggesting 
cumulate material is probably the source of contamination. Since the Nooksack Falls dacite 
compositions are still relatively felsic, the total pyroxene population is minuscule (maximum 
total volume ~1%), and unsieved plagioclase are a minority in the total plagioclase 
population, any contamination components were probably small in volume.  Therefore, the 
dacite of Nooksack Falls is still relatively representative of a felsic endmember composition. 
 
The dacite of Mazama Lake 
The dacite of Mazama Lake is a close representation of pristine felsic melt, although it 
was probably contaminated with a small amount of foreign material.  The majority of the 
mineral phases lack disequilibrium textures, and exhibit normal zoning. Individual 
plagioclase phenocrysts and plagioclase grains hosted in crystal clots are normally zoned, 
and have similar core to rim chemistry.  Unsieved, normally zoned grains from the dacite of 
Mazama Lake are noticeably more sodic (An34-61) in comparison similar grains from the 
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dacite of Nooksack Falls (An53-87).  In addition, reversely zoned plagioclase and 
clinopyroxene are sparse, which suggests that unlike the dacite of Nooksack Falls, 
contamination may be from a source other than a hot mafic magma.  This is supported by the 
lack of obvious mixing textures, such as the finely sieved plagioclase observed in Nooksack 
Falls dacites.  Furthermore, equilibrium conditions between clinopyroxene cores and whole 
rock compositions from the dacite of Mazama Lake are puzzling.  Clinopyroxene cores from 
sample JG-ml3 are generally more magnesian than cores from sample JG-ml; however 
sample JG-ml3 has the lowest Mg# of the Mazama Lake dacite samples, and JG-ml7 the 
highest (Figure 15b).  This conflicting observation, and the presence of the sparse reversely 
zoned grains could be the result a small addition of hybrid magma, as opposed to a purely 
endmember mafic magma.  One possible explanation is the dacite of Mazama Lake 
periodically experiences back mixing to form a hybrid magma (see discussion below for 
evidence that the dacite of Mazama Lake mixed with a more mafic magma to form the 
andesite of Mazama Lake and the dacite of Cougar Divide).  A small amount of the hybrid 
material could have been incorporated into a largely unmixed portion of felsic magma, or 
possibly entrained during eruption.  Regardless, the addition of this foreign material probably 
holds limited influence over the whole rock composition of the dacite of Mazama Lake unit, 
given the rarity of reversely zoned grains, and lack of disequilibrium textures. 
 
The dacite of Cougar Divide and the andesite of Mazama Lake 
The dacite of Cougar Divide and the andesite Mazama Lake bear mineral chemistry and 
zoning patterns that require mixing of compositionally distinct magmas.  Phenocrysts in the 
dacite of Cougar Divide display mixing textures and complex zoning profiles, including 
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normally zoned and unsieved, and reversely zoned and finely sieved plagioclase, and 
pyroxenes displaying abrupt Mg-rich rims.  The andesite of Mazama Lake displays similar 
characteristics that support mixing, including strong reverse zoning clinopyroxene and 
orthopyroxene grains, reverse and oscillatory zoning in plagioclase, and finely sieved 
plagioclase grains.  Disequilibrium olivine phenocrysts offer more evidence. Both units 
contain sparse olivine phenocrysts displaying disequilibrium textures like embayed rims. 
Using the equilibrium relationship between olivine and liquid [KD = 
(Fe/Mg)clinopyroxene/(Fe/Mg)liquid], and an experimental KD is of ~0.30 (e.g., Roeder and 
Emslie, 1970), olivine crystals are clearly more magnesian than their host liquids, with the 
exception of two olivine grains included within an orthopyroxene in an andesitic sample of 
Cougar Divide (Figure 16).   
 In summary, near endmember compositions and hybrid magmas are represented by 
units analyzed in this study.  The dacite of Nooksack Falls and the dacite of Mazama Lake 
represent near endmember magmas, with textural evidence that indicates some contamination 
may have occurred through various methods such acquiring xenocrystic material.  The 
xenocrystic material is not believed to have a significant influence on the characteristic 
compositions of the dacite of Nooksack Falls or dacite of Mazama Lake. 
 
Genesis of the felsic endmembers  
The primary models for felsic magma generation in arc settings worldwide (not 
including from the subducting plate) are partial melting of preexisting mafic or intermediate 
crust, or crystal fractionation from a mafic or intermediate parent, or some combination of 
both.  These silicic melt generation processes have been frequently used to explain dacitic 
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magma production in the Cascade arc (Hildreth, 2007), and each model has the potential to 
be applicable at the MBVF.  The ability to reproduce dacites from the MBVF through crystal 
fractionation carries particularly important implications, as those dacites would represent a 
direct addition of new silicic crustal material.  
Many of the units characterized Baggerman and DeBari (2011) and Moore and 
DeBari (2011) provide the best available proxies for parental compositions, as an abundance 
of geochemical data is available to help constrain modeling, and encompass all of the known 
mafic compositions present at the MBVF.  These units act as representative compositions, 
and these models operate under the assumption that the generation of these parental magmas 
is a process that operates over the life span of the volcano.  Due to a wide range of ages, the 
physical flows from each representative parent are not likely related to any dacite directly. 
Additionally, it is recognized that there are many other units on Mt. Baker (mostly andesitic) 
that are not considered this study due to the lack trace element data.  
Three endmember mafic magma types are present at Mt. Baker, and all were 
considered as parental magmas for crystal fractionation, including the basalt of Lake 
Shannon (CAB), the basalt of Park Butte (LKOT-like), the basaltic andesite of Tarn Plateau 
(HMBA). The andesite of Glacier Creek was also considered, as it represents a fractionated 
derivative of Tarn Plateau basaltic andesite (Baggerman and DeBari 2011, Moore and 
DeBari 2011).  Potential parental magmas were narrowed down by major element least 
squares modeling using observed mineral modes and compositions.  Parental compositions 
that could best reproduce observed major element compositions of the dacite of Nooksack 
Falls and the dacite of Mazama Lake were selected for further trace element modeling.  Least 
squares modeling using the basalt of Lake Shannon or the basalt of Park Butte either could 
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not reproduce the felsic magma compositions or required an unreasonable (i.e. over 100%) 
degree of fractionation to do so.  The basaltic andesite of Tarn Plateau and the andesite of 
Glacier Creek could effectively reproduce both felsic magma compositions.  Since partition 
coefficients for trace elements increase significantly as silica content increases, partition 
coefficients for more mafic liquids are not representative during later stages of crystallization 
(Rollinson, 1993; Brophy, 2008).  Choosing the most differentiated version of the parent 
allows for better representation of crystal-liquid element partitioning; hence, the andesite of 
Glacier Creek was selected to test fractionation, as it represents a more fractionated Tarn 
Plateau basaltic andesite (Baggerman and DeBari, 2011; Moore and DeBari, 2011). 
Compositions and partition coefficients utilized in the following crystal fractionation models 
are reported in Table 12.   
 
The dacite of Nooksack Falls 
Simple crystal fractionation of Glacier Creek andesite can generate dacitic major 
element compositions that are close to those observed in the dacite of Nooksack Falls, but 
have significant, irreconcilable differences in TiO2, Na2O, and K2O.  Least squares modeling 
results for major elements indicate that most major element abundances similar to Nooksack 
Falls dacite can be reproduced after ~42% crystallization (58% remaining liquid), with 
fractionating phases of  ~64% plagioclase, ~20% clinopyroxene, ~6% hornblende, ~5% 
orthopyroxene, ~4% magnetite, and ~1% apatite (Table 13). Calculated abundances of TiO2, 
Na2O, and K2O do not fit observed abundances (Figure 17). Calculated TiO2 abundances are 
about 50% higher than observed abundances, and calculated Na2O, and K2O are each about 
9% lower than observed abundances. This problem can be reconciled by increasing the 
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amount of hornblende fractionation to 20%; however this produces problems with other 
major elements (such as MgO). Mineral modes derived from least squares modeling can 
reproduce REE abundances and patterns observed in Nooksack Falls dacite at similar degrees 
of fractionation (~60% remaining melt fraction) (Table 14, Figure 17), however   
fractionation models using incompatible trace elements Zr and Ti (elements with a strong 
affinity for hornblende) are unsuccessful (Table 14, Figure 18).  
In summary, deriving the compositions similar to the dacite of Nooksack Falls via 
crystal fractionation of the andesite of Glacier Creek is a not a permissible model. Several 
alternative models exist. There is clear petrologic evidence for contamination from a mafic 
source, and it is possible that the dacite of Nooksack Falls is actually a hybrid magma. 
However, if mixing with a basaltic magma occurred, it is cryptic, and wouldn’t explain the 
enrichment in incompatible elements. There are no mixing textures (such as quenched mafic 
inclusions) present, and no obvious composition that could serve as the mafic mixing 
member making it difficult to investigate this hypothesis further. Another possibility is that 
the dacite of Nooksack Falls may result from fractionation of parental magmas not yet 
sampled at Baker, or partial melting of mafic, lower crustal material. However, these models 
are largely unconstrained, and difficult to support or refute. 
 
The dacite of Mazama Lake 
Crystal fractionation of the andesite of Glacier Creek is a permissible mechanism for 
reproducing compositions observed in the dacite of Mazama Lake. Least squares modeling 
results indicate that major element abundances similar to those observed in the dacite of 
Mazama Lake can be reproduced after ~44% crystallization (56% remaining liquid), with 
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fractionating phases of  ~69% plagioclase, ~16% orthopyroxene, ~11% clinopyroxene, ~3% 
ilmenite, and ≤~1% apatite (Table 15).  Sample JG-ml9 (which was also used for major 
element modeling) is well matched in REE fractionation models, and incompatible trace 
element models around 56% remaining melt fraction as well (Table 16, Figure 19, 20).  It 
should be noted that not all of the samples from the dacite of Mazama Lake fit the REE 
model as well, due to the scatter in observed patterns and concentrations.  Observed Ba 
concentrations (~900 ppm) are elevated in comparison to calculated concentrations (~650 
ppm) of the appropriate remaining melt fraction (56%). Ba is partitioned heavily into apatite, 
however decreasing the amount of apatite fractionation, or decreasing the partition 
coefficient for Ba into apatite does not resolve this issue. In spite of the discrepancy between 
modeled and observed Ba concentrations, the consistency between major and trace element 
modeling suggest that fractionation crystallization is a reasonable method for producing the 
dacite of Mazama Lake.   
 
The role of magma mixing 
 The role of magma mixing in producing intermediate composition lavas is prevalent 
in arc systems worldwide, including the Cascades (e.g. Mount St. Helens, Gardner et al., 
1995, Pallister et al., 2008).  At Mt. Baker, dacites that are not as Si-rich as that of Mazama 
Lake, such as the dacite of Cougar Divide (and the silicic andesite of Mazama Lake) possess 
strong textural and chemical evidence that support a history of magma mixing, which heavily 
influenced the composition of the flows.  
 Cougar Divide major and trace element compositions (represented by JG-cd8, a 
sample on the boundary between andesite and dacite) were successfully modeled using mass 
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balance as mixtures between andesitic and felsic magmas (Table 17).  Nooksack Falls dacites 
and Mazama Lake dacites were both tested as the felsic endmembers, and Glacier Creek 
andesite was selected as the mafic endmember.  Qualitatively, compositions observed in the 
dacite of Cougar Divide lie along an acceptable mixing line on most variation diagrams 
between Glacier Peak andesite and both more felsic units (Figures 8-9).  In addition, the 
andesite of Glacier Creek fits the necessary REE criteria.  Since REE patterns from the dacite 
of Mazama Lake and the dacite Nooksack Falls are similar to those observed in the dacite of 
Cougar Divide in shape and concentration, the mafic endmember would also need to have 
similar-shaped REE patterns and concentrations (Figures 11, 12). Other Mt. Baker basaltic 
and andesitic units do not have this distinctive REE pattern.  
An intermediate Cougar Divide composition, represented by JG-cd8, can be 
reproduced by mixing ~40% Mazama Lake dacite (represented by JG-ml9) and ~60% 
Glacier Creek andesite (represented by TB-GC3) (Table 17, Figure 21).  The range of 
compositions observed in samples from Cougar Divide plot on a line of mixing between 80% 
and 20% Mazama Lake dacite, indicating variable mixing proportions (Figure 22).  Mixing 
between the andesite of Glacier Creek and the dacite of Nooksack Falls would produce 
compositions with elevated concentrations of K2O (wt. %) (Figure 22) as well as other 
elements such as Rb, Sr, and Zr (Figure 9).  
 The andesite of Mazama Lake andesite samples are compositionally similar to 
Cougar Divide andesite compositions, and also can also be produced by magma mixing, 
although mineral chemistry suggests that the mafic mixing endmember may be more mafic 
than Glacier Creek andesite.  A few clinopyroxene grains in the andesite of Mazama Lake 
show strong reverse zoning, with high Cr concentrations (~0.52 wt %, or ~3400 ppm).  Given 
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a partitioning value for Cr into clinopyroxene of 30-34 (for andesite to basalt respectively, 
from Rollinson (1993)), the equilibrium liquid from which these clinopyroxenes crystallized 
would need Cr concentrations on the order of ~100 ppm.  Glacier Creek andesite 
compositions are barely sufficient (right around 100 ppm) if no significant mixing occurred 
before these Cr rich rims crystallized (any mixing with Mazama Lake dacite would dilute Cr 
concentrations).  If these rims crystallized in equilibrium with a more mixed magma, a more 
mafic endmember is needed.  Mixing ~30% Mazama Lake dacite (JG-ml9) and ~70% Tarn 
Plateau basaltic andesite composition (represented by NM-TP5, Moore and DeBari, 2011) 
would produce a liquid with ~100 ppm Cr. Both Tarn Plateau compositions and Glacier 
Creek compositions can reasonably reproduce major and trace element abundances observed 
in Mazama Lake andesite (Figure 23).  Mixing ~70% Mazama Lake dacite (JG-ml9) with 
~30% Tarn Plateau basaltic andesite (NM-TP5) yields major and trace element compositions 
similar to Mazama Lake andesite (JG-ml4) (Table 18).  Mixing ~30% Mazama Lake dacite 
(JG-ml9) with ~70% Glacier Creek andesite (TB-GC3) yields similar results (Table 19).  The 
Cr content in clinopyroxenes from the Glacier Creek andesite are lower than observed 
Mazama Lake andesite, and although no Cr data exists for clinopyroxenes in the Tarn Plateau 
basaltic andesite, the whole rock Cr contents are much better suited to reproducing the 
observed concentrations in Mazama Lake andesite clinopyroxenes. 
 Additional modeling for a wider range of major and trace elements further supports 
the mixing hypothesis presented above (Appendix B).  Compositions from the dacite of 
Cougar Divide and the andesite of Mazama Lake often lie on or between ideal mixing lines 
produced by mixing the andesite of Glacier Creek, or the basaltic andesite of Tarn Plateau 
and the dacite of Mazama Lake.  Since the andesite of Glacier Creek is a fractionated 
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derivative of the basaltic andesite of Tarn Plateau, it is possible that an intermediate 
composition (at an intermediate stage of fractionation) may have served as the mafic mixing 
member.  
The andesite of Boulder Glacier is heterogeneous with interlayered dacites (discussed 
by Baggerman and DeBari (2011)), and exhibits a range of compositions similar to the 
Cougar Divide dacites and andesites and Mazama Lake andesite (both major and trace). 
Though not discussed in this study, it is possible that the Boulder Glacier unit was produced 
in a mixing scenario similar to that for Cougar Divide dacites and andesites (i.e. mixing 
between a high-Mg basaltic andesite or andesite and a felsic endmember similar in 
composition to Mazama Lake).     
 
A petrogenetic model for Mt. Baker  
 The schematic diagram in Figure 24 illustrates one potential mechanism for 
producing the intermediate and felsic compositions observed within the MBVF.  At the 
center of this story are the high-Mg basaltic andesite of Tarn Plateau, and the more 
fractionated version, the andesite of Glacier Creek.  Both fractional crystallization and 
magma mixing models seem to work best with these compositions, suggesting their 
production is a long standing process.  This is supported by the range of ages observed in the 
range of ages observed in the dacites from this study, and the difference in age between the 
basaltic andesite of Tarn Plateau and the andesite of Glacier Creek.  Magma reservoirs 
probably experienced periods of quiescence that fostered fractionation to produce the dacitic 
magmas.  These fractionated reservoirs periodically experienced episodes of magma recharge 
from the basaltic andesite of Tarn Plateau, or the andesite of Glacier Creek, which led to the 
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development of hybrid units.  Recharge events may have also led to eruptions, which 
produced heterogeneous flows of mingles hybrid dacites and andesites, such as the dacite of 
Cougar Divide or the andesite of Boulder Glacier.    
 
Conclusions 
The purpose of this study was to (1) characterize three mid Pleistocene dacitic lavas, (2) 
determine if they directly contributed to volume of continental crust through addition of slab 
melt, or though crystal fractionation of a mantle melt, and (3) discuss their role in producing 
intermediate compositions on Mt. Baker through magma mixing.  This study offers three 
important conclusions based on the above analyses: (1) Dacites from the MBVF are complex 
in origin. (2) Dacites from the MBVF were not derived from partial melt of the subducted 
slab nor of a significantly garnet-bearing lower crust.  Instead, the dacite of Mazama Lake 
represent a felsic composition that can be reasonably derived through crystal fractionation.  
The consistency of major and trace element models strongly support crystal fractionation; 
however these models do not preclude a partial melting origin, which remains largely 
unconstrained.  (3) Magma mixing between dacite of Mazama Lake and andesite of Glacier 
Creek and/or the basaltic andesite of Tarn Plateau plays an important role in producing 
several andesitic and dacitic units observed in this study, and possibly in Baggerman and 
DeBari (2011).  Ultimately, the complex genetic relationship between the Glacier Creek 
andesite-like compositions (and to a lesser extent Tarn Plateau basaltic andesite-like 
composition) and the dacitic endmembers, and the wide range of ages observed in all of these 
units suggest that the MBVF’s magmatic plumbing system underneath Mt. Baker is complex, 
episodic, and impossible to capture to full picture in a single time frame.  
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The origin and role of the dacite of Nooksack Falls remains cryptic. Further analysis of 
Mt. Baker andesites may reveal several things: (1) there may be andesitic units that could 
provide a more suitable parent composition for fractionation (such as the andesite of Glacier 
Creek did for the dacite of Mazama Lake).  (2) There may be a role for the dacite of 
Nooksack Falls as a mixing endmember to produce hybrid compositions that were not 
observed in this study.  (3) Finally, the dacite of Nooksack Falls may be a hybrid magma 
itself, and its endmembers have simply not been characterized in detail yet.  In closing, this 
study has provided evidence that felsic magmas play an important role in crustal processes at 
Mt. Baker, but has also posed many questions that will require additional analyses to help 
focus understanding of Mt. Baker magmatism.  
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Table 1: Petrographic summary 
Unit Modal Abundances Phenocryst modes Size (mm) Notable textures/composition/zoning 
da
ci
te
 o
f N
oo
ks
ac
k 
Fa
lls
 
Phenocrysts: 15-
25% 
Plagioclase: 61-65% 0.25-3.0
1) Coarsely sieved (An44-54)                  
2) Coarsely sieved grains with clear overgrowth 
rims (An47-54)                             
3) Unsieved (An53-87)                       
4) Finely sieved (no data)                     
Hornblende: 29-36% 0.25-3.0
Unzoned; thin black reaction rims; 
microphenocrysts are almost completely replaced 
(Mg# 67-72) 
Clinopyroxene: 1-2% 0.50-1.0
1) Normal zoning Mg# 70-84                  
2)Sparse reverse zoning (Mg# 73-78)  
3) Sector zoning (Mg# 75-79) 
Orthopyroxene: 0-3% 0.25-0.75 Only three grains analyzed in a clot (Mg# 80-81) 
Fe-Ti oxides: 1-5% 0.25-1.0 Mostly titanomagnetite, sparse ilmenite 
Groundmass: 
75-85% 
Above + tr apatite + tr 
olivine   
Tiny olivine grains are partially resorbed, probably 
xenocrystic 
da
ci
te
 o
f C
ou
ga
r D
iv
id
e 
Phenocrysts: 20-
35% 
Plagioclase: 72-80% 0.25-5.0
1) Coarsely sieved (An37-79)                  
2) Finely sieved (An38-62)                    
3) Unsieved (An33-69)                       
Clinopyroxene: 7-16% 0.25-1.0
1) Normal zoning (Mg# 69-75)                 
2) Reverse zoning (Mg# 68-81)                 
3) Unzoned or weakly zoned (Mg# 70-72) 
Orthopyroxene: 2-11% 0.25-2.0
1) Unzoned (Mg# 64-72)                      
2) Reverse zoned grains with abrupt Mg rich rims 
(Mg# 67-85) 
Olivine: 0-4% 0.10-1.0 Partially resorbed (Mg# 81-83)  
Fe-Ti oxides: 1-5% 0.10-0.50 - 
Groundmass: 
65-75% Above + tr apatite   - 
Vesicles: 0-14%     - 
hi
gh
-S
i M
az
am
a 
La
ke
 
Phenocrysts: 25-
30% 
Plagioclase: 88-90% 0.5-4.0 Generally unsieved (An34-61) 
Clinopyroxene: 1-6% 0.5-2.0 Weak normal zoning (Mg #68-76) 
Orthopyroxene: 2-3% 0.25-2.0 Weak normal zoning (Mg# 63-71) 
Fe-Ti oxides: 3-5% 0.1-0..5 - 
Groundmass: 
60-65% Above + tr apatite   - 
Vesicles: 9%       
lo
w
-S
i M
az
am
a 
La
ke
 
Phenocrysts: 
30% 
Plagioclase: 86% 0.5-3.0 1) unsieved (32-52)                          2) finely sieved (no data) 
Clinopyroxene: 5% 0.5-2.0 1) Unzoned or weakly zoned grains (Mg# (71-72)  2) Reverse zoning (Mg# 67-83) 
Orthopyroxene: 6% 0.25-2.0 Reverse zoning with distinct Mg rich overgrowth rims (Mg# 71-81) 
Fe-Ti oxides: 2% 0.1-0..5 - 
  >1% olivine .5-1.0 Mg# (79-82) 
Groundmass: 
70% Above + tr apatite   - 
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Table 2. Whole rock major and trace element data. Sample locations are reported in Universal Transverse Mercator coordinate 
system (UTM) NAD83, zone 10 
Unit dacite of Nooksack Falls 
Sample nf1 nf2 nf3 nf4 nf5 nf6 nf7 nf8 nf9 nf10 
Northing 417966 417957 417986 418015 417985 418033 418056 417971 417951 417949 
Easting 588399 588272 588270 588314 588387 588433 588530 588344 588324 588324 
Major element oxides (wt%) analyzed by XRF 
 SiO2   63.47 64.29 64.27 64.23 63.94 64.25 65.24 64.90 64.59 64.27 
 TiO2   0.77 0.75 0.74 0.75 0.74 0.75 0.74 0.71 0.74 0.75 
 Al2O3  16.65 16.75 16.60 16.71 16.65 16.64 16.88 16.61 16.65 16.49 
 FeO 4.26 4.09 4.08 4.15 4.16 4.09 3.89 3.84 4.03 4.17 
 MnO    0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 
 MgO    1.72 1.64 1.56 1.62 1.58 1.57 1.56 1.47 1.59 1.59 
 CaO    4.09 4.04 3.94 4.00 4.00 3.94 3.92 3.74 3.90 3.86 
 Na2O   4.73 4.79 4.82 4.80 4.81 4.83 4.83 4.83 4.81 4.81 
 K2O    2.78 2.84 2.89 2.85 2.85 2.89 2.90 2.94 2.89 2.90 
 P2O5   0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.22 0.23 0.23 
Total* 98.80 99.51 99.21 99.43 99.06 99.27 100.27 99.35 99.51 99.16 
FeO/MgO 2.48 2.50 2.62 2.57 2.63 2.60 2.49 2.62 2.54 2.61 
Trace elements (ppm) analyzed by XRF 
 Ni 1 4 1 2 0 1 7 4 6 5 
 Cr 5 4 5 5 4 5 9 7 13 10 
Sc 8.75 8.50 8.14 8.11 8.00 8.21 7.96 7.37 8.09 7.99 
 V 93 87 85 89 86 87 82 82 86 89 
 Ga 18.8 18.8 19.6 20.1 20.2 19.7 19.8 19.0 19.8 21.1 
 Cu 18.2 15.9 15.0 17.7 17.4 17.8 19.4 14.4 17.8 17.2 
 Zn 63.7 63.9 62.0 65.4 64.1 66.3 76.5 66.5 70.1 68.6 
Trace elements (ppm) analyzed by ICP-MS 
La  26.5 26.5 26.9 26.9 26.7 26.9 26.8 26.6 26.9 27.1 
Ce  56.4 55.8 56.3 56.7 56.4 56.8 56.3 56.3 56.7 57.2 
Pr 6.98 6.84 6.95 7.01 6.94 6.96 6.92 6.90 6.98 7.03 
Nd 26.5 26.3 26.4 26.5 26.8 26.5 26.2 26.2 26.7 26.6 
Sm 5.18 5.12 5.16 5.03 5.16 5.25 5.09 5.01 5.16 5.17 
Eu 1.36 1.37 1.37 1.37 1.38 1.38 1.37 1.32 1.35 1.34 
Gd 4.36 4.38 4.38 4.34 4.38 4.50 4.36 4.29 4.35 4.50 
Tb 0.71 0.72 0.71 0.72 0.69 0.72 0.70 0.71 0.71 0.71 
Dy 4.32 4.41 4.36 4.33 4.27 4.32 4.28 4.27 4.34 4.39 
Ho 0.89 0.91 0.90 0.88 0.89 0.91 0.89 0.88 0.90 0.90 
Er 2.47 2.54 2.54 2.50 2.52 2.55 2.52 2.49 2.53 2.54 
Yb 2.47 2.54 2.55 2.54 2.52 2.60 2.55 2.56 2.56 2.58 
Lu 0.41 0.42 0.42 0.42 0.40 0.41 0.41 0.41 0.41 0.42 
Ba 833 841 864 860 854 863 865 874 856 861 
Th 7.10 7.11 7.30 7.27 7.24 7.27 7.33 7.50 7.32 7.45 
Nb 84.3 63.6 62.0 63.9 74.5 60.8 69.1 79.8 60.1 62.4 
Y 23.5 23.9 23.6 23.4 23.5 24.0 23.6 23.4 23.5 23.7 
Hf 7.25 7.22 7.45 7.37 7.40 7.54 7.34 7.50 7.40 7.42 
Ta 82.3 56.7 55.7 57.8 72.7 53.6 65.1 77.9 53.6 56.0 
U 2.85 2.89 2.96 2.93 2.94 2.94 2.96 3.05 2.99 3.00 
Pb 9.35 9.58 9.94 10.33 9.56 9.97 9.66 9.94 9.57 9.65 
Rb 51.4 52.3 53.1 52.1 52.8 53.1 53.0 54.0 52.8 53.4 
Cs 1.24 1.26 1.26 1.29 1.31 1.29 1.34 1.36 1.30 1.34 
Sr 664 644 636 645 650 633 634 602 636 623 
Zr 299 304 306 304 307 313 308 308 311 310 
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Table 2. Whole rock major and trace element data. Sample locations are reported in Universal Transverse Mercator coordinate 
system (UTM) NAD83, zone 10 (cont.) 
Unit dacite of Cougar Divide 
Sample cd1 cd2 cd3 cd4 cd5 cd6 cd7 cd8 cd9 cd10 
Northing 412636 412653 412707 412741 412785 412940 414135 414127 412687 412700 
Easting 587344 587310 587293 587397 587385 587440 587265 587251 587333 587472 
Major element oxides (wt%) analyzed by XRF 
 SiO2   64.39 64.40 62.74 60.66 61.51 63.98 63.46 62.53 65.20 62.81 
 TiO2   0.78 0.83 0.80 0.78 0.77 0.79 0.77 0.75 0.79 0.76 
 Al2O3  17.41 17.63 17.08 17.71 17.24 16.26 17.04 17.05 17.61 16.83 
 FeO 4.94 5.19 5.14 5.15 5.05 4.78 5.03 5.07 5.14 4.89 
 MnO    0.09 0.10 0.11 0.10 0.10 0.09 0.09 0.12 0.10 0.10 
 MgO    2.53 2.27 2.27 3.03 2.90 2.29 2.74 2.85 2.65 2.50 
 CaO    5.22 4.82 4.82 5.54 5.56 4.44 5.31 5.67 4.96 5.04 
 Na2O   4.28 4.58 4.45 3.95 4.01 4.28 4.17 4.12 4.24 4.25 
 K2O    2.26 2.28 2.22 1.90 2.13 2.34 2.17 2.03 2.28 2.22 
 P2O5   0.19 0.19 0.20 0.19 0.19 0.20 0.19 0.19 0.20 0.19 
Total* 102.09 102.29 99.83 99.00 99.45 99.47 100.97 100.40 103.17 99.59 
FeO/MgO 1.95 2.28 2.26 1.70 1.75 2.09 1.84 1.78 1.94 1.96 
Trace elements (ppm) analyzed by XRF 
 Ni 14 2 6 19 8 5 15 17 13 11 
 Cr 22 20 18 28 23 20 25 24 19 16 
Sc 12.7 14.5 14.4 14.1 13.7 12.4 13.6 13.9 13.3 13.5 
 V 113 114 116 112 122 104 118 119 113 112 
 Ga 18.2 18.0 18.3 20.1 19.4 18.5 19.3 17.2 18.5 19.4 
 Cu 22.2 19.0 15.7 21.9 14.9 17.8 21.9 22.2 21.9 17.4 
 Zn 64.6 74.6 70.4 72.2 72.3 68.5 68.4 71.4 70.5 66.6 
Trace elements (ppm) analyzed by ICP-MS 
La  20.7 20.8 19.0 17.8 18.3 20.3 19.3 19.4 20.0 20.2 
Ce  43.3 45.3 41.1 37.6 38.9 41.1 40.5 40.2 41.4 41.7 
Pr 5.42 5.57 4.95 4.67 4.88 5.12 5.10 5.29 5.31 5.38 
Nd 21.3 21.7 19.7 18.7 19.3 20.2 20.1 20.8 20.8 20.9 
Sm 4.55 4.83 4.51 4.24 4.11 4.48 4.40 4.58 4.55 4.60 
Eu 1.21 1.31 1.23 1.20 1.18 1.20 1.16 1.23 1.21 1.24 
Gd 4.30 4.63 4.33 3.97 3.99 4.12 4.11 4.29 4.32 4.32 
Tb 0.72 0.79 0.75 0.67 0.66 0.69 0.70 0.70 0.71 0.71 
Dy 4.35 4.81 4.67 3.98 4.09 4.32 4.21 4.33 4.45 4.37 
Ho 0.91 1.00 0.96 0.83 0.83 0.91 0.86 0.88 0.91 0.92 
Er 2.53 2.81 2.77 2.26 2.32 2.51 2.41 2.47 2.55 2.55 
Yb 2.43 2.73 2.65 2.16 2.25 2.48 2.27 2.35 2.44 2.45 
Lu 0.39 0.43 0.42 0.35 0.36 0.39 0.36 0.38 0.39 0.39 
Ba 668 657 637 655 624 701 638 621 676 679 
Th 4.69 4.52 4.49 4.52 4.45 5.05 4.58 4.28 4.65 4.73 
Y 24.0 26.0 25.0 21.0 21.7 23.2 22.5 23.0 24.3 24.5 
Hf 5.16 5.33 5.49 4.82 4.93 5.85 5.00 4.69 5.11 5.19 
U 1.90 1.89 1.92 1.56 1.72 1.98 1.80 1.68 1.86 1.90 
Pb 6.61 6.56 7.62 6.85 7.45 32.86 7.52 7.24 7.44 7.55 
Rb 40.4 39.2 39.9 27.3 35.8 43.1 38.6 37.0 42.1 42.3 
Cs 0.62 0.63 0.83 0.57 0.84 0.63 0.45 0.47 0.63 0.67 
Sr 517 408 404 547 550 425 520 567 497 495 
Zr 211 221 227 195 196 239 204 190 207 208 
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Table 2. Whole rock major and trace element data. Sample locations are reported in Universal Transverse Mercator 
coordinate system (UTM) NAD83, zone 10 (cont.) 
Unit dacite of Mazama Lake 
Sample ml1 ml2 ml3 ml4 ml5 ml6 ml7 ml8 ml9 
Northing 411579 411645 411645 411852 411804 411773 411764 411753 411729 
Easting 593423 593542 593595 593813 593813 593746 593710 593700 593689 
Major element oxides (wt%) analyzed by XRF 
 SiO2   65.74 65.97 66.36 61.41 61.62 65.64 65.38 65.42 65.49 
 TiO2   0.71 0.73 0.73 0.85 0.82 0.72 0.73 0.69 0.73 
 Al2O3  16.07 16.47 16.55 17.21 17.64 16.10 16.14 16.36 16.00 
 FeO 4.31 4.18 4.36 5.15 5.21 4.23 4.37 3.97 4.38 
 MnO    0.12 0.05 0.05 0.10 0.10 0.06 0.06 0.05 0.06 
 MgO    1.02 1.10 0.65 3.08 3.18 1.43 1.69 1.40 1.33 
 CaO    3.86 3.38 3.22 5.50 5.87 3.83 3.59 3.68 3.89 
 Na2O   4.35 4.39 4.38 4.37 4.38 4.38 4.29 4.37 4.39 
 K2O    2.61 2.67 2.70 1.90 1.77 2.60 2.60 2.60 2.60 
 P2O5   0.18 0.17 0.17 0.27 0.27 0.19 0.19 0.18 0.19 
Total* 98.96 99.12 99.17 99.84 100.86 99.18 99.04 98.72 99.05 
FeO/MgO 4.23 3.79 6.66 1.67 1.64 2.96 2.59 2.83 3.30 
Trace elements (ppm) analyzed by XRF 
 Ni 5 5 4 33 31 7 6 5 6 
 Cr 15 11 11 50 47 10 9 13 9 
Sc 10.0 9.6 9.7 13.6 13.0 9.75 9.71 9.54 10.3 
 V 81 84 80 114 113 79 83 77 86 
 Ga 17.9 18.8 18.8 21.4 18.6 17.6 17.5 18.2 18.2 
 Cu 13.2 11.0 11.9 28.5 31.1 10.8 12.3 11.2 13.1 
 Zn 80.0 69.8 59.9 74.6 71.1 67.0 66.2 62.4 64.3 
Trace elements (ppm) analyzed by ICP-MS 
La  31.6 14.8 15.0 18.3 18.1 25.4 20.7 22.8 22.8 
Ce  55.1 27.8 28.6 39.2 39.1 49.2 40.8 46.4 47.5 
Pr 7.94 2.95 2.96 5.17 5.10 7.23 4.86 5.45 5.94 
Nd 30.8 11.1 10.6 20.9 20.7 28.4 18.4 20.9 23.0 
Sm 6.14 2.37 2.31 4.53 4.45 6.26 3.80 4.25 4.90 
Eu 1.27 1.12 1.06 1.28 1.28 1.29 1.12 1.19 1.17 
Gd 6.22 2.18 2.07 4.13 4.07 5.76 3.61 3.87 4.59 
Tb 0.99 0.38 0.38 0.67 0.65 0.96 0.59 0.64 0.78 
Dy 6.07 2.48 2.51 4.12 3.94 6.00 3.76 4.00 4.77 
Ho 1.25 0.52 0.54 0.83 0.78 1.21 0.80 0.83 0.97 
Er 3.48 1.57 1.60 2.28 2.15 3.29 2.26 2.32 2.74 
Yb 3.09 1.73 1.78 2.12 1.96 3.13 2.33 2.35 2.66 
Lu 0.48 0.28 0.29 0.34 0.30 0.50 0.38 0.38 0.43 
Ba 992 945 944 556 531 934 936 959 924 
Th 4.90 5.16 5.20 3.97 3.62 4.96 5.01 4.97 4.98 
Nb 77.5 87.5 69.7 78.3 64.6 66.5 75.5 66.3 60.1 
Y 38.1 12.9 13.5 21.3 20.3 30.9 20.7 22.2 25.5 
Hf 5.63 5.92 5.90 4.76 4.23 5.68 5.78 5.69 5.73 
Ta 76.0 88.2 67.3 78.9 64.6 63.3 74.7 63.5 54.5 
U 2.11 2.22 2.25 1.56 1.42 2.12 2.17 2.13 2.15 
Pb 8.86 8.48 9.45 8.53 6.15 8.91 8.79 8.68 8.24 
Rb 45.2 45.7 45.9 30.8 28.4 44.9 42.7 43.8 44.7 
Cs 0.82 1.02 0.90 0.67 0.53 1.03 0.92 0.97 0.92 
Sr 397 371 367 735 802 412 375 394 401 
Zr 231 241 244 191 172 235 235 236 238 
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Table 3. Plagioclase compositions 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO TiO2 CaO SrO Total An Location Type 
JG-nf1 pl7.1 55.2 28.8 0.29 0.30 4.79 0.02 0.05 10.9 0.21 100.6 54.7 core ph 
JG-nf1 pl7.2 57.4 27.0 0.45 0.45 5.41 0.03 0.04 9.3 0.24 100.3 47.3 rim ph 
JG-nf1 pl7.3 56.2 27.8 0.29 0.26 5.17 0.02 0.03 10.2 0.19 100.2 51.3 int ph 
JG-nf1 pl7.4 56.0 27.9 0.34 0.45 4.95 0.04 0.05 10.0 0.15 99.8 51.5 core ph 
JG-nf1 pl8.1 57.9 26.7 0.38 0.34 5.88 0.05 0.09 8.65 0.19 100.2 43.8 core ph 
JG-nf1 pl8.2 57.0 28.1 0.32 0.25 5.39 0.03 0.07 9.56 0.01 100.8 48.6 int ph 
JG-nf1 pl8.3 55.7 28.4 0.28 0.49 4.91 0.05 0.04 10.7 0.30 100.9 53.8 rim ph 
JG-nf1 pl9.1 52.7 30.8 0.26 0.71 3.68 0.05 0.06 12.7 0.23 101.3 64.7 ma 
JG-nf1 pl9.2 53.7 29.8 0.32 0.71 3.95 0.06 0.05 12.0 0.31 100.9 61.5 ma 
JG-nf1 pl10.1 59.6 25.0 1.22 0.90 5.49 0.08 0.12 7.69 0.26 100.4 40.3 ma 
JG-nf1 pl11.1 54.4 28.9 0.28 0.47 4.66 0.05 0.01 11.1 0.35 100.3 55.9 mph 
JG-nf1 pl11.2 48.0 33.8 0.05 0.62 1.77 0.06 0.03 16.6 0.30 101.3 83.6 mph 
JG-nf1 pl11.3 48.4 33.2 0.05 0.60 1.97 0.07 0.03 16.3 0.35 100.9 81.8 mph 
JG-nf8 pl2.2 51.0 31.2 0.08 0.63 3.20 0.12 0.04 14.0 0.44 100.8 70.3 core ph 
JG-nf8 pl2.3 49.9 31.8 0.09 0.55 2.80 0.09 0.02 14.8 0.38 100.4 74.0 int ph 
JG-nf8 pl2.4 48.7 33.1 0.08 0.63 2.17 0.06 0.03 15.7 0.27 100.7 79.6 rim ph 
JG-nf8 pl3.1 46.6 34.3 0.04 0.61 1.43 0.06 0.02 17.4 0.21 100.7 86.8 core ph 
JG-nf8 pl3.2 46.6 34.2 0.04 0.60 1.42 0.06 0.03 17.5 0.17 100.6 87.0 int ph 
JG-nf8 pl3.3 50.7 31.7 0.14 0.69 3.01 0.06 0.04 14.3 0.37 101.1 71.8 rim ph 
JG-nf8 pl4.1 57.1 27.5 0.44 0.48 5.34 0.05 0.02 9.30 0.19 100.4 47.7 core ph 
JG-nf8 pl4.2 55.5 28.0 0.33 0.53 5.03 0.04 0.03 10.2 0.20 99.8 51.8 core ph 
JG-nf8 pl4.3 48.9 27.4 0.25 0.65 3.64 0.05 0.07 10.3 0.36 91.7 60.0 int ph 
JG-nf8 pl4.4 55.2 28.7 0.28 0.51 4.68 0.04 0.04 10.9 0.35 100.6 55.3 rim ph 
JG-nf8 pl5.1 54.7 28.6 0.23 0.54 4.62 0.05 0.05 10.9 0.22 99.9 55.9 core ph 
JG-nf8 pl5.2 55.1 28.5 0.31 0.49 4.94 0.07 0.05 10.6 0.24 100.3 53.1 int ph 
JG-nf8 pl5.3 54.8 28.8 0.27 0.54 4.58 0.06 0.05 11.1 0.17 100.5 56.4 rim ph 
JG-nf8 pl6.1 63.8 22.4 1.94 0.87 5.55 0.05 0.19 5.57 0.12 100.6 31.1 ma 
JG-nf8 pl6.2 55.3 28.8 0.42 0.69 4.68 0.04 0.05 10.5 0.27 100.8 54.0 ma 
JG-cd4 pl17.1 60.9 24.7 0.71 0.36 6.75 0.02 0.01 6.36 0.13 99.9 32.7 core ph 
JG-cd4 pl17.2 59.1 25.5 0.54 0.44 6.11 0.02 0.02 7.80 0.12 99.6 40.0 int ph 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), matrix (ma). For all samples, grains are categorized by two numbers (#.#) 
The first denotes a phenocrysts, and the next number a point of analysis. E.g. pl2.2 would be plagioclase phenocryst number 2, analysis point 2. 
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Table 3. Plagioclase compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO TiO2 CaO SrO Total An Location Type 
JG-cd4 pl17.3 58.6 25.9 0.52 0.36 5.85 0.02 0.03 7.88 0.11 99.4 41.3 rim ph 
JG-cd4 pl17.4 58.5 26.0 0.51 0.41 5.95 0.03 0.04 7.80 0.13 99.4 40.6 int ph 
JG-cd4 pl17.5 58.0 26.1 0.54 0.50 5.95 0.03 0.03 8.11 0.10 99.4 41.6 rim ph 
JG-cd4 pl18.1 54.7 28.5 0.32 0.59 4.54 0.02 0.06 10.9 0.20 99.8 55.8 core mph 
JG-cd4 pl18.2 59.4 25.9 0.71 0.56 6.36 0.03 0.05 7.40 0.13 100.5 37.5 rim mph 
JG-cd4 pl19.1 58.7 25.9 0.57 0.44 5.95 0.03 0.03 7.89 0.11 99.6 40.8 mph 
JG-cd4 pl20.1 59.7 25.7 0.59 0.44 6.54 0.03 0.03 7.23 0.13 100.3 36.6 core ph 
JG-cd4 pl20.2 59.2 26.3 0.53 0.47 6.14 0.04 0.03 7.88 0.18 100.7 40.2 int ph 
JG-cd4 pl20.3 49.0 33.1 0.09 0.43 2.28 0.02 0.02 15.4 0.09 100.5 78.5 int2 ph 
JG-cd4 pl20.4 59.2 26.0 0.52 0.41 6.24 0.04 0.04 7.66 0.08 100.2 39.1 rim ph 
JG-cd6 pl18.1 59.1 26.0 0.57 0.51 6.44 0.02 0.02 7.67 0.10 100.5 38.3 core mph 
JG-cd6 pl18.2 58.4 26.7 0.59 0.49 6.07 0.03 0.03 8.31 0.09 100.7 41.5 int mph 
JG-cd6 pl18.3 58.9 26.0 0.72 0.44 6.27 0.03 0.02 7.64 0.10 100.1 38.5 rim mph 
JG-cd6 pl19.1 59.6 25.8 0.54 0.36 6.38 0.03 0.02 7.52 0.13 100.4 38.1 core ph 
JG-cd6 pl19.2 60.1 25.9 0.56 0.40 6.32 0.03 0.05 7.54 0.10 101.0 38.4 int ph 
JG-cd6 pl19.3 59.5 25.7 0.58 0.43 6.29 0.03 0.03 7.80 0.13 100.4 39.2 int2 ph 
JG-cd6 pl19.4 53.6 30.5 0.28 0.71 4.04 0.04 0.04 12.6 0.19 101.9 62.3 rim ph 
JG-cd6 pl20.1 58.4 27.2 0.45 0.42 5.72 0.03 0.02 8.8 0.11 101.1 44.7 core ph 
JG-cd6 pl20.2 55.0 28.9 0.27 0.37 4.58 0.03 0.02 11.3 0.13 100.6 56.9 int ph 
JG-cd6 pl20.3 59.3 26.5 0.55 0.44 6.28 0.03 0.02 8.07 0.08 101.2 40.2 rim ph 
JG-cd6 pl21.1 61.1 25.0 0.72 0.37 6.74 0.03 0.03 6.59 0.06 100.6 33.5 core ph 
JG-cd6 pl21.2 59.7 25.9 0.56 0.39 6.39 0.02 0.03 7.32 0.12 100.5 37.5 int ph 
JG-cd6 pl21.3 59.8 25.6 0.74 0.41 6.40 0.02 0.03 7.38 0.15 100.6 37.2 rim ph 
JG-cd6 pl22.1 54.3 29.5 0.25 0.39 4.42 0.02 0.04 11.8 0.07 100.8 58.8 core mph 
JG-cd6 pl22.2 55.5 29.3 0.33 0.39 4.78 0.02 0.02 10.8 0.16 101.2 54.4 int mph 
JG-cd6 pl22.3 58.4 26.8 0.60 0.47 6.07 0.01 0.03 8.62 0.09 101.0 42.4 rim mph 
JG-cd6 pl23.1 51.8 31.4 0.17 0.48 3.34 0.02 0.05 13.9 0.23 101.3 69.0 core ph 
JG-cd6 pl23.2 55.0 29.0 0.28 0.41 4.70 0.04 0.04 11.3 0.17 100.9 56.1 int ph 
JG-cd6 pl23.3 58.6 26.6 0.53 0.43 5.94 0.04 0.02 8.36 0.12 100.6 42.3 int2 ph 
JG-cd6 pl23.4 59.4 25.8 0.59 0.37 6.34 0.03 0.04 7.63 0.12 100.3 38.5 rim ph 
JG-cd6 pl24.1 58.2 26.7 0.48 0.43 6.05 0.03 0.03 8.51 0.14 100.6 42.5 core ph 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), matrix (ma). For all samples, grains are categorized by two numbers (#.#) 
The first denotes a phenocrysts, and the next number a point of analysis. E.g. pl2.2 would be plagioclase phenocryst number 2, analysis point 2. 
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Table 3. Plagioclase compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO TiO2 CaO SrO Total An Location Type 
JG-cd6 pl24.2 58.7 26.7 0.52 0.44 6.14 0.02 0.02 8.20 0.13 100.8 41.2 int ph 
JG-cd6 pl24.3 59.1 25.9 0.54 0.36 6.28 0.03 0.03 7.94 0.13 100.3 39.8 rim ph 
JG-cd6 pl25.1 53.5 29.2 0.27 0.57 4.26 0.03 0.05 11.8 0.14 99.8 59.5 mph 
JG-cd6 pl25.2 52.7 30.5 0.20 0.47 3.92 0.03 0.05 12.6 0.16 100.6 63.1 mph 
JG-cd6 pl26.1 58.9 25.7 0.56 0.43 6.08 0.03 0.04 7.89 0.07 99.7 40.4 mph 
JG-cd6 pl26.2 59.9 25.7 0.66 0.46 6.41 0.03 0.02 7.37 0.09 100.6 37.3 mph 
JG-cd6 pl27.1 57.3 27.5 0.61 0.47 5.37 0.02 0.07 9.00 0.12 100.6 46.3 ma 
JG-cd9 pl12.1 57.5 27.0 0.46 0.49 5.55 0.02 0.05 9.26 0.12 100.5 46.6 mph 
JG-cd9 pl12.2 56.8 27.7 0.43 0.44 5.53 0.02 0.05 9.36 0.18 100.5 47.1 mph 
JG-cd9 pl13.1 59.0 25.8 0.53 0.44 6.18 0.02 0.03 7.78 0.22 100.0 39.7 mph 
JG-cd9 pl13.2 56.6 27.2 0.37 0.41 5.42 0.03 0.02 9.83 0.09 100.0 49.0 mph 
JG-cd9 pl14.1 58.8 26.4 0.51 0.38 6.02 0.03 0.04 8.21 0.10 100.5 41.7 core ph 
JG-cd9 pl14.2 58.0 26.9 0.44 0.40 5.87 0.03 0.03 8.77 0.09 100.5 44.0 int ph 
JG-cd9 pl14.3 59.6 25.6 0.53 0.41 6.33 0.02 0.02 7.64 0.11 100.2 38.7 int2 ph 
JG-cd9 pl14.4 58.6 26.1 0.53 0.45 6.13 0.03 0.04 7.89 0.16 100.0 40.2 rim ph 
JG-cd9 pl15.1 58.1 27.3 0.45 0.30 6.01 0.02 0.04 8.82 0.11 101.1 43.6 int ph 
JG-cd9 pl15.2 54.6 28.8 0.27 0.28 4.73 0.01 0.04 11.4 0.11 100.2 56.2 core ph 
JG-cd9 pl15.3 54.4 29.1 0.27 0.31 4.48 0.01 0.05 11.6 0.15 100.3 57.8 core ph 
JG-cd9 pl15.4 61.5 24.8 0.74 0.30 6.83 0.02 0.02 6.44 0.07 100.8 32.7 rim ph 
JG-cd9 pl15.5 60.7 25.9 0.62 0.28 6.62 0.02 0.02 6.97 0.15 101.3 35.4 rim ph 
JG-cd9 pl16.1 58.9 26.3 0.63 0.55 6.06 0.02 0.04 7.90 0.16 100.6 40.3 ma 
JG-cd9 pl16.2 53.3 30.0 0.26 0.70 4.06 0.07 0.05 12.4 0.26 101.1 61.8 ma 
JG-ml3 pl1.1 53.7 29.6 0.20 0.66 4.18 0.07 0.05 12.2 0.16 100.8 61.0 core clot 
JG-ml3 pl1.2 55.2 28.5 0.24 0.58 4.75 0.06 0.05 11.0 0.22 100.6 55.3 int clot 
JG-ml3 pl1.3 58.2 27.3 0.38 0.45 5.90 0.04 0.03 8.83 0.11 101.3 44.2 rim clot 
JG-ml3 pl2.2 55.6 28.4 0.30 0.59 5.00 0.05 0.03 10.6 0.19 100.8 53.1 core clot 
JG-ml3 pl2.3 58.1 27.2 0.40 0.49 5.81 0.04 0.02 8.85 0.18 101.1 44.6 int clot 
JG-ml3 pl3.1 54.7 29.1 0.23 0.60 4.75 0.05 0.04 11.3 0.16 100.9 56.0 int ph 
JG-ml3 pl3.2 57.3 27.3 0.36 0.42 5.67 0.03 0.05 8.66 0.23 100.0 44.7 rim ph 
JG-ml3 pl4.1 55.8 28.6 0.27 0.61 5.07 0.03 0.06 10.6 0.14 101.2 52.8 core mph 
JG-ml3 pl4.2 57.7 27.0 0.35 0.52 5.85 0.03 0.04 8.93 0.17 100.7 44.8 rim mph 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), matrix (ma). For all samples, grains are categorized by two numbers (#.#) 
The first denotes a phenocrysts, and the next number a point of analysis. E.g. pl2.2 would be plagioclase phenocryst number 2, analysis point 2. 
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Table 3. Plagioclase compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO TiO2 CaO SrO Total An Location Type 
JG-ml3 pl5.1 55.7 28.6 0.29 0.34 4.87 0.02 0.07 10.3 0.12 100.3 52.9 core ph 
JG-ml3 pl5.2 59.8 26.2 0.50 0.32 6.49 0.01 0.01 7.63 0.10 101.1 38.2 int ph 
JG-ml3 pl5.3 56.8 27.8 0.32 0.35 5.33 0.02 0.03 9.56 0.07 100.3 48.8 int ph 
JG-ml3 pl5.4 59.9 26.1 0.52 0.35 6.34 0.03 0.01 7.42 0.13 100.8 38.0 rim ph 
JG-ml3 pl6.1 58.9 26.6 0.44 0.38 5.95 0.03 0.04 8.22 0.08 100.6 42.1 core ph 
JG-ml3 pl6.2 58.2 27.4 0.40 0.36 5.84 0.02 0.04 8.70 0.15 101.1 44.0 core ph 
JG-ml3 pl6.3 59.3 25.9 0.46 0.36 6.22 0.03 0.03 7.87 0.07 100.3 40.0 int ph 
JG-ml3 pl6.4 59.0 26.6 0.46 0.47 6.04 0.03 0.03 8.28 0.11 101.0 41.9 rim ph 
JG-ml3 pl7.1 55.8 28.0 0.28 0.53 5.11 0.03 0.07 10.3 0.26 100.4 51.8 core mph 
JG-ml3 pl7.2 55.7 28.2 0.29 0.53 4.96 0.04 0.06 10.5 0.21 100.4 52.9 int mph 
JG-ml3 pl7.3 58.3 26.5 0.41 0.38 6.05 0.03 0.03 8.33 0.15 100.2 42.2 rim mph 
JG-ml3 pl8.1 56.2 28.1 0.32 0.55 5.25 0.03 0.08 10.1 0.11 100.7 50.5 in mph 
JG-ml3 pl8.2 59.0 26.3 0.43 0.43 6.06 0.03 0.02 8.02 0.14 100.4 41.1 rim mph 
JG-ml4 pl9.1 60.7 25.3 0.76 0.38 6.82 0.01 0.01 6.44 0.13 100.5 32.7 core mph 
JG-ml4 pl9.2 55.7 28.2 0.35 0.61 4.97 0.03 0.04 10.1 0.33 100.3 51.7 int mph 
JG-ml4 pl9.3 58.5 26.0 0.59 0.54 6.04 0.02 0.05 7.94 0.39 100.1 40.6 int. mph 
JG-ml4 pl9.4 58.9 26.0 0.61 0.47 6.20 0.02 0.05 7.75 0.47 100.4 39.3 int mph 
JG-ml4 pl9.5 58.5 25.7 0.59 0.51 6.11 0.01 0.02 7.86 0.35 99.7 40.1 int. mph 
JG-ml4 pl9.6 60.5 25.0 0.86 0.58 6.73 0.02 0.07 6.39 0.17 100.4 32.6 rim mph 
JG-ml4 pl10.1 53.5 29.4 0.28 0.85 4.32 0.04 0.04 11.7 0.33 100.5 59.0 ma 
JG-ml4 pl10.2 53.2 29.6 0.27 0.78 4.09 0.02 0.05 11.9 0.26 100.3 60.7 ma 
JG-ml4 pl11.1 51.9 31.4 0.18 0.39 3.60 0.03 0.04 13.2 0.12 100.8 66.2 core clot 
JG-ml4 pl11.2 57.1 27.5 0.36 0.40 5.43 0.03 0.06 9.48 0.16 100.5 48.0 rim clot 
JG-ml4 pl11.3 56.6 26.9 0.35 0.43 5.33 0.04 0.04 9.26 0.12 99.1 47.9 int clot 
JG-ml4 pl11.4 51.6 31.1 0.14 0.41 3.37 0.02 0.03 13.6 0.11 100.4 68.5 core clot 
JG-ml4 pl12.1 58.0 27.1 0.50 0.42 5.77 0.02 0.03 8.68 0.13 100.6 44.0 core ph 
JG-ml4 pl12.2 56.8 28.0 0.40 0.34 5.42 0.03 0.03 9.71 0.14 100.9 48.6 int ph 
JG-ml4 pl12.3 58.0 26.6 0.52 0.37 5.71 0.02 0.06 8.77 0.17 100.2 44.5 int2 ph 
JG-ml4 pl12.4 57.8 27.3 0.46 0.35 5.58 0.01 0.06 8.74 0.17 100.5 45.1 rim ph 
JG-ml7 pl13.1 58.4 26.3 0.41 0.33 6.08 0.01 0.03 8.36 0.16 100.1 42.1 core clot 
JG-ml7 pl13.2 60.7 25.9 0.54 0.36 6.69 0.02 0.04 6.96 0.06 101.2 35.3 int clot 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), matrix (ma). For all samples, grains are categorized by two numbers (#.#) 
The first denotes a phenocrysts, and the next number a point of analysis. E.g. pl2.2 would be plagioclase phenocryst number 2, analysis point 2. 
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Table 3. Plagioclase compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO TiO2 CaO SrO Total An Location Type 
JG-ml7 pl13.3 59.9 26.0 0.49 0.33 6.32 0.02 0.03 7.56 0.13 100.7 38.6 int2 clot 
JG-ml7 pl13.4 57.8 27.0 0.35 0.47 5.77 0.04 0.05 8.90 0.17 100.6 45.0 rim clot 
JG-ml7 pl13.5 57.5 27.5 0.37 0.47 5.65 0.03 0.05 8.94 0.24 100.8 45.6 rim clot 
JG-ml7 pl14.1 56.3 28.3 0.30 0.27 5.05 0.02 0.03 10.3 0.09 100.6 52.0 int ph 
JG-ml7 pl14.2 53.6 29.3 0.20 0.30 4.32 0.02 0.06 11.9 0.11 99.9 59.7 core ph 
JG-ml7 pl14.3 57.4 27.2 0.35 0.28 5.54 0.02 0.03 9.22 0.18 100.3 46.9 int ph 
JG-ml7 pl14.4 58.7 26.4 0.43 0.33 5.86 0.02 0.02 8.17 0.11 100.0 42.4 int2 ph 
JG-ml7 pl14.5 59.8 25.4 0.53 0.37 6.53 0.02 0.02 7.37 0.17 100.2 37.2 int3 ph 
JG-ml7 pl14.6 60.7 25.1 0.58 0.37 6.66 0.02 0.03 6.63 0.10 100.2 34.2 rim ph 
JG-ml7 pl15.1 59.7 25.6 0.51 0.35 6.48 0.02 0.01 7.17 0.08 99.9 36.8 core ph 
JG-ml7 pl15.2 60.8 25.3 0.59 0.31 6.75 0.02 0.01 6.58 0.10 100.4 33.7 int ph 
JG-ml7 pl15.3 57.6 26.8 0.38 0.47 5.81 0.03 0.02 8.74 0.17 100.0 44.3 int ph 
JG-ml7 pl16.1 58.5 26.6 0.43 0.52 6.06 0.02 0.04 8.39 0.11 100.7 42.2 ma 
JG-ml7 pl16.2 56.8 28.2 0.32 0.36 5.49 0.03 0.04 9.67 0.09 101.0 48.4 ma 
JG-ml7 pl17.1 59.6 26.1 0.45 0.41 6.32 0.02 0.03 7.93 0.10 101.0 39.8 ph 
JG-ml7 pl17.2 58.8 26.9 0.40 0.37 5.89 0.02 0.02 8.60 0.16 101.2 43.6 ph 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), matrix (ma). For all samples, grains are categorized by two numbers (#.#) 
The first denotes a phenocrysts, and the next number a point of analysis. E.g. pl2.2 would be plagioclase phenocryst number 2, analysis point 2. 
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Table 4. Hornblende compositions 
Unit Sample SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total Mg# Type Location 
JG-nf1 hb1.1 43.3 3.24 10.3 11.4 0.2 14.64 11.0 2.43 0.61 97.1 69.7 ph core 
JG-nf1 hb1.2 42.6 3.34 10.2 11.7 0.2 14.28 11.0 2.49 0.59 96.4 68.4 ph rim 
JG-nf1 hb2.1 42.1 3.35 11.5 11.3 0.1 14.42 11.3 2.78 0.48 97.4 69.4 ph core 
JG-nf1 hb2.2 44.2 2.65 9.2 11.7 0.3 15.21 11.1 2.38 0.53 97.2 69.9 ph rim 
JG-nf1 hb3.1 42.2 2.79 11.2 10.7 0.2 15.18 11.4 2.20 0.45 96.4 71.7 ph core 
JG-nf1 hb3.2 43.0 3.02 10.1 11.7 0.2 14.64 11.0 2.40 0.61 96.6 69.0 ph rim 
JG-nf1 hb4.1 43.1 3.19 11.1 11.5 0.2 14.60 11.4 2.36 0.50 97.9 69.4 ph core 
JG-nf1 hb4.2 42.0 2.84 11.3 10.5 0.0 15.17 11.4 2.54 0.57 96.4 72.0 ph rim 
JG-nf1 hb5.1 43.1 3.31 10.7 10.9 0.2 14.88 11.2 2.27 0.59 97.2 70.9 ph core 
JG-nf1 hb5.2 41.6 3.20 10.9 10.6 0.2 15.05 11.2 2.45 0.49 95.7 71.7 ph rim 
JG-nf8 hb6.1 43.4 3.03 10.7 10.5 0.2 15.05 11.2 2.40 0.70 97.2 71.8 ph core 
JG-nf8 hb6.2 41.7 2.99 10.5 11.9 0.3 14.02 11.2 2.36 0.59 95.5 67.8 ph rim 
Abbreviations and labels as in Table 3. 
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Table 5. Clinopyroxene compositions 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-nf1 cpx8.1 53.0 2.00 0.00 8.80 0.24 17.0 0.01 0.41 18.8 0.02 0.22 100.4 48.0 38.1 14.0 77.5 core ph 
JG-nf1 cpx8.2 52.6 2.16 0.00 7.39 0.21 17.0 0.00 0.44 19.5 0.06 0.14 99.5 48.3 39.9 11.8 80.4 core ph 
JG-nf1 cpx8.3 52.2 3.55 0.00 8.63 0.29 16.2 0.02 0.72 18.9 0.00 0.20 100.7 46.7 39.3 14.0 77.0 int ph 
JG-nf1 cpx8.4 51.8 3.90 0.00 9.02 0.30 15.6 0.01 0.83 19.2 0.04 0.20 100.9 45.3 40.0 14.7 75.5 rim ph 
JG-nf1 cpx8.5 52.0 4.97 0.14 11.1 0.58 14.7 0.02 1.11 17.5 0.00 0.28 102.4 43.9 37.6 18.5 70.3 rim ph 
JG-nf1 cpx10.1 52.2 3.84 0.00 5.71 0.25 17.1 0.23 0.59 19.7 0.10 0.18 99.9 49.7 41.0 9.30 84.2 core ph 
JG-nf1 cpx10.2 52.2 3.88 0.00 5.79 0.27 16.9 0.23 0.63 20.0 0.04 0.11 100.0 49.0 41.6 9.42 83.9 int ph 
JG-nf1 cpx10.3 52.1 3.50 0.00 6.87 0.24 16.4 0.00 0.54 19.8 0.04 0.15 99.6 47.6 41.2 11.2 81.0 rim ph 
JG-nf1 cpx10.4 52.5 2.67 0.00 8.30 0.34 16.1 0.02 0.53 19.4 0.02 0.23 100.1 46.4 40.2 13.4 77.6 rim ph 
JG-nf8 cpx8.1 53.4 1.72 0.01 8.43 0.19 17.8 0.00 0.35 17.8 0.08 0.19 100.1 50.4 36.2 13.4 79.0 core ph 
JG-nf8 cpx8.2 53.8 1.64 0.00 8.60 0.20 18.0 0.01 0.37 17.6 0.01 0.25 100.4 50.7 35.7 13.6 78.8 core ph 
JG-nf8 cpx8.3 51.0 4.08 0.00 9.34 0.30 16.0 0.01 0.84 18.2 0.03 0.27 100.0 46.6 38.1 15.3 75.3 int ph 
JG-nf8 cpx8.4 51.3 3.75 0.00 9.16 0.29 16.2 0.00 0.75 18.3 0.00 0.24 100.0 47.0 38.1 14.9 75.9 int ph 
JG-nf8 cpx8.5 51.9 3.28 0.01 8.34 0.31 16.4 0.01 0.64 19.0 0.10 0.20 100.2 47.2 39.4 13.5 77.8 rim ph 
JG-nf8 cpx8.6 51.6 3.30 0.01 9.16 0.30 15.6 0.01 0.68 19.0 0.00 0.23 99.9 45.4 39.7 14.9 75.3 rim ph 
JG-nf8 cpx9.1 51.8 2.93 0.00 7.81 0.33 16.3 0.02 0.55 19.8 0.06 0.12 99.7 46.7 40.7 12.5 78.8 ma 
JG-nf8 cpx9.2 52.5 2.97 0.01 7.62 0.28 16.2 0.00 0.58 20.0 0.03 0.16 100.4 46.5 41.2 12.3 79.2 ma 
JG-nf8 cpx10.1 53.5 1.99 0.00 6.61 0.17 18.1 0.03 0.33 18.8 0.11 0.25 99.8 51.2 38.2 10.5 83.0 dz ph 
JG-nf8 cpx10.2 50.4 4.72 0.03 7.26 0.24 16.0 0.06 0.77 19.5 0.03 0.13 99.1 47.0 41.1 11.9 79.7 lz ph 
JG-nf8 cpx10.3 51.2 4.47 0.00 6.58 0.25 15.8 0.06 0.64 20.1 0.00 0.06 99.2 46.5 42.6 10.9 81.0 rim ph 
JG-nf8 cpx10.4 51.8 2.85 0.01 7.94 0.30 15.9 0.05 0.53 19.4 0.00 0.13 98.9 46.4 40.6 13.0 78.1   ph 
JG-nf8 cpx11.1 52.4 1.76 0.01 10.2 0.30 16.0 0.00 0.55 18.3 0.10 0.30 100.0 45.8 37.7 16.4 73.6 core clot 
JG-nf8 cpx11.2 52.7 1.82 0.01 10.5 0.28 15.9 0.01 0.57 18.2 0.06 0.33 100.4 45.6 37.6 16.8 73.0 core clot 
JG-nf8 cpx11.3 52.2 2.66 0.00 8.15 0.33 16.4 0.14 0.74 19.1 0.00 0.19 100.0 47.3 39.6 13.2 78.2 int clot 
JG-nf8 cpx12.4* 52.3 2.73 0.00 6.90 0.32 16.7 0.15 0.55 19.5 0.04 0.20 99.4 48.3 40.5 11.2 81.2 core clot 
JG-nf8 cpx12.5* 51.2 4.45 0.01 6.56 0.35 16.1 0.75 0.72 19.6 0.00 0.12 99.8 47.5 41.7 10.9 81.4 int clot 
JG-nf8 cpx12.6* 52.0 2.87 0.00 8.23 0.33 16.1 0.02 0.54 19.0 0.00 0.23 99.4 46.8 39.8 13.4 77.7 rim clot 
JG-nf8 cpx13.7* 53.5 1.73 0.00 7.23 0.40 17.2 0.05 0.41 19.0 0.00 0.19 99.7 49.3 39.1 11.6 80.9 core clot 
JG-nf8 cpx13.8* 51.9 3.04 0.00 6.20 0.35 16.7 0.31 0.56 19.9 0.06 0.19 99.3 48.4 41.5 10.1 82.7 int clot 
JG-nf8 cpx13.9* 52.3 3.01 0.01 7.77 0.25 16.7 0.02 0.54 18.7 0.03 0.22 99.5 48.4 38.9 12.6 79.3 rim clot 
JG-cd2 cpx1.1 53.7 0.75 0.00 9.92 0.38 15.2 0.00 0.21 19.3 0.02 0.30 99.8 43.9 40.1 16.1 73.2 core ph 
Abbreviations and labels as in Table 3.  
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Table 5. Clinopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-cd2 cpx1.2 53.5 0.89 0.00 11.2 0.41 14.8 0.00 .24 18.8 0.00 0.52 100.4 42.8 39.0 18.2 70.2 int clot 
JG-cd2 cpx1.3 53.0 1.27 0.00 10.6 0.35 14.9 0.01 0.27 19.0 0.00 0.34 99.6 43.2 39.5 17.2 71.5 rim ph 
JG-cd2 cpx1.4 53.0 1.02 0.01 10.7 0.44 14.5 0.04 0.29 19.3 0.00 0.41 99.7 42.3 40.3 17.4 70.8 core ph 
JG-cd2 cpx1.5 53.5 1.24 0.01 11.29 0.43 14.5 0.00 0.33 19.1 0.07 0.36 100.8 41.9 39.8 18.4 69.5 rim ph 
JG-cd2 cpx3.1 53.2 1.73 0.00 9.80 0.44 14.9 0.01 0.45 19.0 0.00 0.38 100.0 43.8 40.0 16.1 73.1 core ph 
JG-cd2 cpx3.2 54.1 0.79 0.00 10.7 0.39 14.7 0.00 0.19 19.1 0.00 0.48 100.4 42.7 39.8 17.5 71.0 int ph 
JG-cd2 cpx3.3 53.3 1.42 0.02 9.72 0.37 15.2 0.00 0.37 19.2 0.03 0.39 100.1 44.2 40.0 15.8 73.6 rim ph 
JG-cd2 cpx5.1 52.1 1.52 0.01 10.6 0.41 14.1 0.05 0.37 19.0 0.00 0.44 98.6 41.8 40.5 17.7 70.3 core ph 
JG-cd2 cpx5.2 53.6 0.73 0.00 10.5 0.36 14.7 0.03 0.16 19.1 0.00 0.41 99.7 42.9 39.9 17.2 71.4 int ph 
JG-cd2 cpx5.3 51.4 3.12 0.00 10.4 0.33 15.2 0.01 0.72 18.5 0.00 0.28 100.0 44.4 38.6 17.0 72.3 rim ph 
JG-cd2 cpx6.1 51.6 1.21 0.01 11.7 0.28 13.7 0.00 0.28 18.7 0.04 0.46 98.0 40.7 39.8 19.5 67.6 core mph 
JG-cd2 cpx6.2 52.3 1.33 0.00 11.9 0.26 13.8 0.01 0.30 18.5 0.01 0.43 98.8 40.8 39.4 19.9 67.2 int mph 
JG-cd2 cpx6.3 50.4 3.63 0.02 9.56 0.30 15.1 0.01 0.81 18.5 0.03 0.28 98.6 44.7 39.3 15.9 73.8 int mph 
JG-cd2 cpx6.4 52.1 1.64 0.00 10.3 0.24 17.1 0.00 0.42 16.3 0.08 0.34 98.5 49.4 33.9 16.7 74.7 rim mph 
JG-cd2 cpx6.5 51.4 1.15 0.01 11.5 0.25 13.7 0.01 0.28 18.7 0.06 0.40 97.4 40.8 40.0 19.2 67.9 rim mph 
JG-cd2 cpx7.1 49.5 5.29 0.00 10.7 0.29 14.6 0.25 1.20 18.2 0.00 0.22 100.2 43.4 38.8 17.8 70.9 ma 
JG-cd2 cpx7.2 50.3 4.69 0.01 10.2 0.33 15.1 0.17 0.99 17.9 0.00 0.28 100.1 44.8 38.2 17.0 72.5 ma 
JG-cd4 cpx1.1 53.0 0.89 0.00 10.3 0.43 14.7 0.00 0.19 18.9 0.00 0.38 98.8 43.2 39.9 17.0 71.8 core ph 
JG-cd4 cpx1.2 53.6 0.88 0.00 10.6 0.34 14.7 0.00 0.19 19.0 0.04 0.40 99.8 42.9 39.8 17.3 71.3 int ph 
JG-cd4 cpx1.3 52.8 0.87 0.00 10.6 0.34 15.0 0.01 0.18 19.1 0.04 0.44 99.4 43.2 39.6 17.2 71.5 core ph 
JG-cd4 cpx1.4 53.3 0.89 0.00 10.4 0.38 14.8 0.01 0.19 19.1 0.03 0.37 99.6 43.1 39.9 17.0 71.8 int ph 
JG-cd4 cpx1.5 54.0 0.83 0.00 11.0 0.37 14.8 0.03 0.18 18.9 0.03 0.45 100.5 42.8 39.4 17.8 70.6 rim ph 
JG-cd4 cpx1.6 52.9 1.00 0.00 9.56 0.32 15.3 0.01 0.25 19.1 0.00 0.34 98.8 44.5 39.9 15.6 74.0 rim ph 
JG-cd4 cpx1.7 51.9 1.77 0.00 9.85 0.30 15.6 0.00 0.44 18.5 0.00 0.23 98.6 45.2 38.7 16.1 73.8 rim ph 
JG-cd4 cpx1.8 53.3 1.61 0.00 7.72 0.14 18.2 0.04 0.33 17.6 0.08 0.23 99.2 51.6 36.0 12.3 80.7 rim ph 
JG-cd4 cpx2.1 53.0 0.57 0.00 10.2 0.34 14.8 0.01 0.12 19.2 0.02 0.42 98.8 43.1 40.2 16.7 72.1 core ph 
JG-cd4 cpx2.2 52.7 0.81 0.00 10.4 0.34 14.7 0.01 0.21 19.2 0.01 0.43 98.8 42.8 40.2 17.0 71.5 int ph 
JG-cd4 cpx2.3 51.7 1.93 0.00 11.7 0.37 14.8 0.00 0.55 17.6 0.00 0.49 99.2 43.5 37.2 19.3 69.3 rim ph 
JG-cd4 cpx4.1 53.2 0.96 0.01 10.4 0.35 15.0 0.01 0.22 19.3 0.00 0.46 99.9 43.3 39.9 16.9 72.0 mph 
JG-cd4 cpx4.2 53.1 1.14 0.00 11.0 0.40 14.9 0.01 0.28 19.2 0.02 0.46 100.5 42.8 39.5 17.7 70.8 mph 
JG-cd4 cpx4.3 52.5 1.07 0.00 10.3 0.37 14.9 0.03 0.25 19.2 0.00 0.35 99.0 43.2 40.0 16.8 72.0 mph 
JG-cd4 cpx7.1 52.3 1.21 0.00 9.97 0.38 15.0 0.00 0.27 19.2 0.00 0.36 98.7 43.6 40.1 16.3 72.8 core ph 
Abbreviations and labels as in Table 3.  
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Table 5. Clinopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-cd4 cpx7.2 52.7 1.22 0.01 10.4 0.38 15.0 0.02 0.28 19.1 0.00 0.32 99.4 43.4 39.7 16.9 72.0 int clot 
JG-cd4 cpx7.3 51.2 2.57 0.00 10.9 0.47 14.2 0.16 0.51 19.3 0.00 0.41 99.6 41.5 40.6 17.9 69.8 rim ph 
JG-cd6 cpx24.1 53.6 0.80 0.00 10.9 0.36 15.0 0.00 0.19 19.5 0.00 0.48 100.9 42.8 39.9 17.4 71.1 core ph 
JG-cd6 cpx24.2 54.3 0.83 0.01 11.0 0.36 15.0 0.01 0.20 19.5 0.03 0.40 101.6 42.5 39.9 17.6 70.8 int ph 
JG-cd6 cpx24.3 53.7 1.11 0.00 10.6 0.35 15.4 0.00 0.27 19.3 0.02 0.40 101.0 43.7 39.4 16.9 72.1 rim ph 
JG-cd6 cpx27.1 54.6 0.87 0.01 10.3 0.32 15.3 0.02 0.21 19.6 0.02 0.36 101.6 43.6 40.0 16.4 72.6 ma 
JG-cd6 cpx27.2 54.1 0.88 0.02 10.0 0.31 15.3 0.00 0.21 19.5 0.00 0.45 100.9 43.7 40.2 16.1 73.1 ma 
JG-cd6 cpx28.1 54.8 1.20 0.01 10.4 0.35 15.3 0.02 0.29 19.1 0.00 0.43 101.8 43.9 39.3 16.7 72.4 mph 
JG-cd6 cpx28.3 54.0 1.59 0.01 10.7 0.34 15.6 0.01 0.38 19.0 0.02 0.35 101.9 44.2 38.7 17.0 72.2 mph 
JG-cd9 cpx32.1 53.2 2.27 0.03 9.31 0.45 15.9 0.04 0.49 18.9 0.06 0.34 101.0 45.8 39.1 15.0 75.3 core clot 
JG-cd9 cpx33.1 52.8 2.38 0.02 9.52 0.44 15.8 0.07 0.53 18.8 0.00 0.27 100.6 45.5 39.0 15.4 74.7 core clot 
JG-cd9 cpx33.2 52.4 3.11 0.01 10.2 0.41 14.7 0.14 0.69 19.3 0.00 0.38 101.3 42.8 40.5 16.7 72.0 int clot 
JG-cd9 cpx33.3 53.2 1.59 0.01 11.41 0.33 15.3 0.00 0.44 18.3 0.00 0.50 101.1 44.0 37.7 18.4 70.5 rim clot 
JG-cd9 cpx35.1 54.0 1.21 0.00 11.2 0.44 14.9 0.00 0.32 18.9 0.00 0.28 101.2 42.8 39.1 18.1 70.2 core ph 
JG-cd9 cpx35.2 54.5 0.84 0.00 11.13 0.37 15.1 0.01 0.20 19.2 0.00 0.37 101.7 42.9 39.3 17.8 70.7 int ph 
JG-cd9 cpx35.3 54.1 1.17 0.00 10.8 0.40 15.2 0.00 0.30 19.1 0.03 0.47 101.5 43.4 39.3 17.3 71.5 rim ph 
JG-cd9 cpx36.1 53.9 0.90 0.01 10.5 0.39 15.2 0.02 0.20 19.2 0.00 0.36 100.6 43.6 39.5 16.9 72.0 mph 
JG-cd9 cpx36.2 53.4 1.15 0.00 10.6 0.36 15.0 0.02 0.27 19.2 0.07 0.30 100.3 43.2 39.7 17.1 71.7 mph 
JG-cd9 cpx37.1 53.3 1.46 0.00 10.7 0.43 15.1 0.01 0.35 19.3 0.03 0.42 101.1 43.1 39.7 17.2 71.5 mph 
JG-cd9 cpx39.1 53.9 1.26 0.00 11.1 0.39 15.1 0.00 0.33 19.2 0.04 0.38 101.6 43.0 39.3 17.7 70.9 
JG-cd9 cpx39.2 53.8 1.38 0.01 10.7 0.40 15.0 0.03 0.33 19.3 0.00 0.45 101.4 43.0 39.7 17.2 71.4 
JG-cd9 cpx39.3 54.0 1.23 0.00 11.16 0.39 15.1 0.00 0.30 19.1 0.00 0.48 101.8 43.0 39.2 17.8 70.6 
JG-ml3 cpx1.1 51.8 3.19 0.00 9.86 0.38 15.8 0.00 0.73 18.5 0.00 0.15 100.5 45.6 38.4 16.0 74.1 clot 
JG-ml3 cpx1.2 51.8 3.51 0.00 9.80 0.36 15.7 0.01 0.76 18.9 0.01 0.20 101.0 45.1 39.1 15.8 74.0 clot 
JG-ml3 cpx1.3 53.3 1.89 0.01 10.2 0.34 16.3 0.00 0.48 18.0 0.00 0.42 101.0 46.6 37.0 16.4 74.0 clot 
JG-ml3 cpx2.1 53.7 1.64 0.01 9.73 0.41 15.4 0.00 0.41 19.4 0.08 0.31 101.2 44.2 40.1 15.7 73.9 core clot 
JG-ml3 cpx2.2 52.3 3.04 0.02 10.3 0.34 15.5 0.00 0.77 18.5 0.00 0.33 101.1 44.8 38.6 16.7 72.9 int clot 
JG-ml3 cpx2.3 52.5 2.84 0.01 9.87 0.40 15.1 0.00 0.93 18.8 0.03 0.36 100.9 44.2 39.6 16.2 73.1 rim clot 
JG-ml3 cpx3.1 52.4 3.13 0.00 9.44 0.28 15.9 0.01 0.69 18.6 0.05 0.27 100.8 45.9 38.7 15.3 75.0 core clot 
JG-ml3 cpx3.2 52.0 3.26 0.01 9.81 0.35 15.8 0.00 0.74 18.7 0.00 0.22 100.8 45.4 38.7 15.9 74.1 int clot 
JG-ml3 cpx4.1 52.7 2.10 0.00 9.52 0.33 16.2 0.00 0.53 18.7 0.00 0.33 100.5 46.3 38.4 15.3 75.2 core clot 
JG-ml3 cpx4.2 53.9 1.37 0.00 9.67 0.34 15.7 0.00 0.37 19.2 0.02 0.42 101.0 44.9 39.6 15.5 74.3 int clot 
Abbreviations and labels as in Table 3. 
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Table 5. Clinopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-ml3 cpx4.3 53.8 1.16 0.02 9.83 0.40 15.5 0.01 0.29 19.2 0.01 0.39 100.6 44.5 39.6 15.8 73.8 rim clot 
JG-ml3 cpx5.1 53.4 1.19 0.00 10.3 0.37 15.5 0.00 0.28 19.2 0.00 0.39 100.6 44.3 39.3 16.4 72.9 ma 
JG-ml3 cpx5.2 52.9 1.84 0.01 10.8 0.38 16.0 0.00 0.45 17.7 0.05 0.49 100.6 45.9 36.7 17.4 72.6 ma 
JG-ml3 cpx6.1 52.7 2.17 0.00 9.34 0.31 16.2 0.00 0.50 18.9 0.00 0.19 100.3 46.2 38.8 15.0 75.5 core ph 
JG-ml3 cpx6.2 51.1 3.39 0.00 10.1 0.29 15.4 0.00 0.76 18.8 0.04 0.31 100.3 44.6 39.0 16.4 73.1 int ph 
JG-ml3 cpx6.3 52.6 1.93 0.03 10.2 0.39 15.1 0.01 0.48 19.0 0.02 0.31 100.1 43.8 39.5 16.6 72.5 rim ph 
JG-ml3 cpx7.1 52.5 2.14 0.01 10.2 0.36 15.2 0.02 0.54 19.2 0.00 0.40 100.7 43.8 39.7 16.5 72.6 ma 
JG-ml3 cpx7.2 52.9 1.07 0.00 9.73 0.38 15.5 0.01 0.26 19.0 0.00 0.40 99.3 44.7 39.5 15.8 73.9 ma 
JG-ml3 cpx8.1 53.1 0.99 0.02 11.4 0.33 14.7 0.01 0.23 19.0 0.04 0.37 100.3 42.3 39.2 18.4 69.6 core ph 
JG-ml3 cpx8.2 53.9 0.81 0.00 11.7 0.32 14.8 0.01 0.21 19.0 0.00 0.46 101.2 42.3 39.0 18.7 69.4 core ph 
JG-ml3 cpx8.3 53.3 1.00 0.00 11.3 0.27 14.8 0.00 0.24 18.8 0.00 0.44 100.3 42.7 39.0 18.3 70.0 int ph 
JG-ml3 cpx8.4 52.8 1.07 0.02 10.4 0.37 15.2 0.01 0.26 19.0 0.03 0.38 99.5 43.7 39.5 16.8 72.3 rim ph 
JG-ml4 cpx13.1 53.0 1.26 0.01 12.0 0.41 14.3 0.00 0.31 18.4 0.00 0.39 100.1 41.7 38.7 19.6 68.0 core ph 
JG-ml4 cpx13.2 52.7 1.16 0.00 12.8 0.40 14.5 0.00 0.32 17.6 0.01 0.45 99.9 42.3 36.8 20.9 67.0 core ph 
JG-ml4 cpx13.3 51.9 3.18 0.00 6.31 0.32 16.8 0.50 0.42 19.7 0.07 0.15 99.3 48.7 41.0 10.3 82.6 rim ph 
JG-ml4 cpx13.4 52.3 3.17 0.00 6.20 0.29 16.9 0.52 0.39 19.5 0.00 0.20 99.5 49.1 40.8 10.1 82.9 rim ph 
JG-ml4 cpx14.1 52.4 1.74 0.01 10.7 0.43 15.0 0.03 0.51 18.5 0.01 0.36 99.7 43.7 38.8 17.5 71.4 core clot 
JG-ml4 cpx14.2 52.5 1.85 0.00 11.3 0.37 15.1 0.01 0.54 18.4 0.00 0.38 100.5 43.6 38.1 18.3 70.5 rim clot 
JG-ml4 cpx14.3 52.8 1.51 0.00 10.5 0.39 15.4 0.02 0.44 18.3 0.02 0.39 99.8 44.7 38.2 17.1 72.3 core clot 
JG-ml4 cpx15.1 52.5 1.22 0.00 10.9 0.42 15.0 0.00 0.31 18.6 0.00 0.50 99.5 43.6 38.7 17.8 71.0 ma 
JG-ml4 cpx16.1 51.0 4.20 0.04 8.54 0.27 17.0 0.36 0.71 17.5 0.10 0.15 99.8 49.5 36.6 14.0 78.0 ma 
JG-ml4 cpx17.1 52.9 1.57 0.02 10.7 0.40 15.2 0.02 0.44 18.5 0.00 0.45 100.2 44.0 38.5 17.5 71.6 core ph 
JG-ml4 cpx17.2 53.0 1.01 0.02 10.7 0.36 15.2 0.00 0.30 18.6 0.04 0.43 99.7 44.0 38.7 17.3 71.8 rim ph 
JG-ml4 cpx17.3 51.1 3.46 0.00 9.50 0.37 15.4 0.00 0.79 18.8 0.01 0.21 99.6 44.9 39.6 15.6 74.2 rim ph 
JG-ml7 cpx12.1 53.4 0.75 0.03 10.9 0.35 14.7 0.00 0.19 19.3 0.01 0.34 100.0 42.4 40.0 17.7 70.6 core ph 
JG-ml7 cpx12.2 53.0 1.20 0.01 11.8 0.32 14.7 0.00 0.31 18.9 0.01 0.37 100.5 42.1 39.0 19.0 68.9 int ph 
JG-ml7 cpx12.3 53.5 0.93 0.00 11.5 0.32 14.7 0.01 0.24 19.1 0.00 0.38 100.7 42.2 39.3 18.5 69.6 rim ph 
JG-ml7 cpx14.1 53.8 2.39 0.04 16.2 0.33 23.0 0.11 0.32 6.1 0.04 0.42 102.7 63.2 12.0 24.9 71.8 core clot 
JG-ml7 cpx14.2 50.6 4.65 0.07 10.1 0.85 15.0 0.33 0.72 17.4 0.04 0.32 99.9 45.2 37.7 17.0 72.6 int clot 
JG-ml7 cpx14.3 52.9 1.07 0.02 11.1 0.40 14.8 0.00 0.28 19.1 0.00 0.35 100.0 42.6 39.5 17.9 70.4 rim clot 
JG-ml7 cpx15.1 53.9 0.74 0.01 10.5 0.34 15.0 0.01 0.19 19.2 0.02 0.34 100.3 43.2 39.8 17.0 71.8 core clot 
JG-ml7 cpx15.2 53.7 0.82 0.00 10.5 0.31 15.3 0.01 0.18 19.4 0.07 0.33 100.7 43.6 39.6 16.8 72.2 int clot 
Abbreviations and labels as in Table 3. 
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Table 5. Clinopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-ml7 cpx15.3 53.5 0.92 0.01 11.4 0.34 14.7 0.00 0.24 19.0 0.00 0.42 100.7 42.2 39.3 18.4 69.6 rim clot 
JG-ml7 cpx18.1 53.3 0.83 0.00 11.7 0.35 14.7 0.01 0.22 19.0 0.03 0.36 100.5 42.1 39.0 18.8 69.1 ph 
JG-ml7 cpx18.2 52.5 0.78 0.00 11.5 0.33 14.5 0.00 0.19 19.0 0.04 0.34 99.2 42.0 39.4 18.6 69.3 ph 
JG-ml7 cpx18.3 52.2 1.71 0.01 11.6 0.37 14.1 0.00 0.40 18.7 0.00 0.34 99.3 41.3 39.5 19.1 68.4 ph 
JG-ml7 cpx20.1 52.6 0.94 0.00 11.4 0.36 14.7 0.02 0.25 18.9 0.01 0.31 99.4 42.3 39.2 18.5 69.6 ph 
JG-ml7 cpx20.2 52.7 1.16 0.00 12.2 0.36 14.9 0.01 0.31 18.6 0.00 0.33 100.6 42.4 38.1 19.4 68.6 ph 
Abbreviations and labels as in Table 3.   
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Table 6. Orthopyroxene compositions 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-nf8 opx12.1 54.1 1.86 0.02 12.4 0.01 28.0 0.00 0.21 1.22 0.00 0.29 98.2 78.1 2.4 19.5 80.1 clot 
JG-nf8 opx12.2 55.5 1.40 0.03 12.1 0.02 28.5 0.00 0.21 1.19 0.04 0.35 99.3 78.9 2.4 18.8 80.8 clot 
JG-nf8 opx12.3 55.5 0.87 0.02 12.3 0.04 28.7 0.01 0.14 1.21 0.09 0.44 99.2 78.7 2.4 18.9 80.6 clot 
JG-cd2 opx2.1 51.9 0.54 0.00 22.7 0.02 22.6 0.00 0.17 0.98 0.01 0.92 99.8 62.7 2.0 35.3 64.0 core ph 
JG-cd2 opx2.2 52.0 0.44 0.00 22.6 0.04 22.4 0.01 0.14 1.09 0.03 0.81 99.5 62.5 2.2 35.3 63.9 rim ph 
JG-cd2 opx2.3 52.4 0.61 0.01 22.0 0.05 22.4 0.01 0.19 1.01 0.00 0.99 99.8 63.2 2.0 34.8 64.5 int ph 
JG-cd2 opx4.1 52.0 0.54 0.03 20.9 0.02 22.9 0.00 0.20 1.38 0.06 0.60 98.7 64.3 2.8 32.9 66.1 ma 
JG-cd2 opx4.2 51.0 0.74 0.00 20.8 0.01 23.0 0.00 0.24 1.59 0.04 0.56 97.9 64.2 3.2 32.6 66.3 ma 
JG-cd2 opx3.1 52.6 1.61 0.03 18.0 0.05 24.5 0.00 0.33 2.13 0.00 0.52 99.7 67.8 4.2 27.9 70.8 mph 
JG-cd2 opx3.2 52.3 2.24 0.01 17.2 0.02 24.8 0.00 0.34 1.67 0.00 0.49 99.1 69.6 3.4 27.1 72.0 mph 
JG-cd2 opx5.1 53.2 0.79 0.01 21.0 0.03 22.4 0.00 0.28 1.78 0.05 0.84 100.4 63.2 3.6 33.2 65.5 ma 
JG-cd2 opx5.2 53.2 0.39 0.00 20.7 0.02 23.1 0.00 0.20 1.01 0.00 0.91 99.6 65.3 2.0 32.7 66.6 ma 
JG-cd2 opx7.1 52.8 0.43 0.00 22.1 0.01 22.6 0.01 0.13 1.01 0.03 0.61 99.8 63.3 2.0 34.7 64.6 core ph 
JG-cd2 opx7.2 53.0 0.45 0.00 22.2 0.02 22.7 0.00 0.13 0.98 0.03 0.85 100.3 63.3 2.0 34.7 64.6 int ph 
JG-cd2 opx7.3 52.2 0.68 0.00 22.5 0.03 22.6 0.00 0.19 1.04 0.01 0.82 100.0 62.7 2.1 35.2 64.1 int ph 
JG-cd2 opx7.4 53.4 0.99 0.01 17.3 0.04 25.5 0.00 0.24 1.76 0.05 0.47 99.8 69.9 3.5 26.6 72.4 rim ph 
JG-cd2 opx7.5 52.8 2.04 0.01 18.1 0.05 24.4 0.01 0.36 1.74 0.02 0.50 100.0 68.1 3.5 28.4 70.6 rim ph 
JG-cd2 opx7.6 52.4 0.54 0.01 20.9 0.05 23.2 0.00 0.19 1.38 0.00 0.80 99.5 64.6 2.8 32.7 66.4 rim ph 
JG-cd4 opx3.1 53.4 0.58 0.02 17.0 0.01 24.0 0.01 0.16 1.11 0.03 0.81 97.1 69.9 2.3 27.8 71.5 core mph 
JG-cd4 opx3.2 53.0 0.54 0.03 16.7 0.03 24.0 0.00 0.17 1.07 0.00 0.70 96.3 70.2 2.3 27.5 71.9 int mph 
JG-cd4 opx3.3 53.4 0.53 0.04 16.8 0.02 23.9 0.01 0.16 1.09 0.01 0.67 96.6 70.0 2.3 27.7 71.6 rim mph 
JG-cd4 opx5.1 53.7 0.72 0.02 17.4 0.03 23.8 0.01 0.19 1.09 0.00 0.79 97.7 69.3 2.3 28.5 70.9 core ph 
JG-cd4 opx5.2 53.3 0.54 0.01 17.1 0.02 23.9 0.00 0.16 1.10 0.00 0.71 96.9 69.8 2.3 27.9 71.4 int ph 
JG-cd4 opx5.3 55.9 1.45 0.03 9.4 0.02 29.6 0.08 0.13 1.89 0.00 0.23 98.7 81.7 3.8 14.6 84.9 rim ph 
JG-cd6 opx21.1 52.7 0.45 0.00 21.8 0.04 23.7 0.00 0.14 1.07 0.00 0.76 100.7 64.5 2.1 33.4 65.9 clot 
JG-cd6 opx21.2 52.5 0.50 0.03 21.9 0.03 23.5 0.00 0.17 1.05 0.00 0.76 100.5 64.4 2.1 33.6 65.7 clot 
JG-cd6 opx22.1 53.1 0.44 0.00 22.0 0.03 23.5 0.01 0.17 1.04 0.00 0.90 101.1 64.2 2.0 33.8 65.5 clot 
JG-cd6 opx22.2 53.0 0.47 0.02 21.3 0.02 23.6 0.01 0.15 1.01 0.00 0.79 100.4 65.0 2.0 33.0 66.4 clot 
JG-cd6 opx23.1 53.0 0.74 0.00 20.7 0.03 23.9 0.00 0.20 1.09 0.01 0.80 100.6 65.8 2.2 32.0 67.3 mph 
JG-cd6 opx23.2 53.3 0.72 0.02 20.8 0.00 23.9 0.00 0.21 1.13 0.00 0.86 101.0 65.6 2.2 32.1 67.1 mph 
JG-cd6 opx25.1 53.8 0.51 0.00 21.7 0.03 23.6 0.01 0.15 1.04 0.00 0.81 101.6 64.6 2.0 33.3 66.0 ph 
Abbreviations and labels as in Table 3.  
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Table 6. Orthopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-cd6 opx25.2 52.9 0.56 0.00 22.0 0.02 23.5 0.02 0.16 1.04 0.00 0.83 101.0 64.2 2.0 33.7 65.6 ph 
JG-cd6 opx25.3 54.2 0.43 0.02 20.7 0.02 23.7 0.00 0.13 1.07 0.07 0.69 101.1 65.7 2.1 32.2 67.1 ph 
JG-cd6 opx26.1 52.9 0.44 0.00 21.0 0.07 23.6 0.01 0.14 1.13 0.01 0.81 100.1 65.3 2.2 32.5 66.8 core ph 
JG-cd6 opx26.2 53.7 0.44 0.00 20.8 0.03 24.1 0.00 0.13 1.08 0.04 0.81 101.2 66.0 2.1 31.9 67.4 int ph 
JG-cd6 opx26.3 52.3 0.63 0.02 20.9 0.02 23.9 0.04 0.18 1.08 0.00 0.87 100.0 65.7 2.1 32.2 67.1 rim ph 
JG-cd6 opx26.4 53.0 0.49 0.01 21.0 0.00 24.2 0.00 0.15 1.03 0.00 0.89 100.8 65.9 2.0 32.0 67.3 rim ph 
JG-cd6 opx28.2 54.1 0.53 0.00 20.7 0.05 24.1 0.01 0.17 1.09 0.00 0.81 101.6 66.0 2.1 31.8 67.5 mph 
JG-cd9 opx29.1 53.5 0.64 0.00 20.3 0.03 24.5 0.00 0.19 1.21 0.03 0.72 101.0 66.7 2.4 30.9 68.3 core mph 
JG-cd9 opx29.2 52.1 1.60 0.01 20.6 0.01 23.7 0.01 0.27 1.21 0.02 0.58 100.1 65.6 2.4 32.0 67.2 int mph 
JG-cd9 opx29.3 53.3 2.77 0.03 14.2 0.03 27.4 0.05 0.27 1.52 0.02 0.25 99.8 75.2 3.0 21.8 77.5 rim mph 
JG-cd9 opx29.4 53.7 2.31 0.01 15.0 0.02 27.3 0.00 0.27 1.43 0.01 0.36 100.4 74.3 2.8 22.9 76.4 rim mph 
JG-cd9 opx30.1 53.5 1.45 0.01 14.7 0.01 27.9 0.02 0.21 1.50 0.04 0.32 99.7 75.0 2.9 22.1 77.2 core 
JG-cd9 opx30.2 53.9 1.60 0.05 14.3 0.03 28.4 0.02 0.21 1.45 0.01 0.33 100.3 75.8 2.8 21.4 78.0 rim 
JG-cd9 opx31.1 53.4 0.54 0.01 20.8 0.04 23.9 0.00 0.16 1.14 0.06 0.91 101.0 65.6 2.3 32.1 67.1 core mph 
JG-cd9 opx31.2 52.5 0.54 0.01 20.7 0.02 24.2 0.00 0.16 1.15 0.00 0.81 100.0 66.0 2.3 31.7 67.6 int mph 
JG-cd9 opx31.3 52.8 0.63 0.00 20.4 0.05 24.2 0.01 0.19 1.02 0.00 0.81 100.2 66.6 2.0 31.4 67.9 rim mph 
JG-cd9 opx32.1 53.5 0.71 0.00 18.3 0.03 25.8 0.00 0.18 1.08 0.00 0.71 100.3 70.0 2.1 27.9 71.5 clot 
JG-cd9 opx32.2 52.8 1.12 0.00 19.3 0.01 25.4 0.00 0.27 1.09 0.02 0.66 100.7 68.7 2.1 29.2 70.2 clot 
JG-cd9 opx34.1 53.2 0.52 0.00 21.5 0.03 23.6 0.01 0.16 1.09 0.08 0.82 101.1 64.7 2.1 33.2 66.1 core ph 
JG-cd9 opx34.2 52.8 0.44 0.00 20.3 0.01 24.0 0.00 0.14 1.13 0.00 0.83 99.7 66.3 2.3 31.5 67.8 rim ph 
JG-cd9 opx38.1 53.1 0.58 0.00 19.8 0.02 24.3 0.00 0.17 1.07 0.00 0.74 99.7 67.2 2.1 30.7 68.7 mph 
JG-cd9 opx38.2 53.8 0.53 0.00 20.2 0.02 24.4 0.02 0.16 1.02 0.00 0.90 101.1 66.8 2.0 31.2 68.2 mph 
JG-cd9 opx41.1 52.7 2.55 0.01 18.5 0.03 24.4 0.03 0.32 2.08 0.03 0.50 101.1 67.2 4.1 28.6 70.1 core ph 
JG-cd9 opx41.2 53.6 0.78 0.00 20.3 0.02 24.1 0.01 0.21 1.23 0.07 0.68 101.1 66.3 2.4 31.3 67.9 int ph 
JG-cd9 opx41.3 54.9 2.69 0.01 12.0 0.02 29.7 0.13 0.21 1.55 0.05 0.17 101.3 79.1 3.0 17.9 81.5 rim ph 
JG-cd9 opx42.1 53.9 0.43 0.00 21.2 0.01 24.0 0.00 0.13 0.93 0.00 0.76 101.4 65.7 1.8 32.5 66.9 core ph 
JG-cd9 opx42.2 53.7 0.43 0.01 17.7 0.04 25.9 0.00 0.12 1.25 0.04 0.59 99.8 70.5 2.4 27.0 72.3 int ph 
JG-cd9 opx42.3 54.8 0.80 0.01 16.8 0.02 27.1 0.01 0.17 1.20 0.03 0.31 101.2 72.5 2.3 25.2 74.2 rim ph 
JG-ml3 opx9.1 51.2 1.15 0.02 21.6 0.12 21.9 0.03 0.36 2.07 0.06 0.71 99.2 61.8 4.2 34.1 64.5 core ph 
JG-ml3 opx9.2 52.0 0.62 0.00 21.8 0.02 22.8 0.01 0.23 1.02 0.10 0.70 99.2 63.7 2.0 34.3 65.0 int ph 
JG-ml3 opx9.3 52.4 0.47 0.00 20.3 0.01 24.2 0.00 0.15 1.07 0.00 0.76 99.4 66.6 2.1 31.3 68.0 rim ph 
JG-ml3 opx9.4 52.9 0.42 0.01 20.2 0.02 24.3 0.00 0.13 1.03 0.04 0.67 99.7 66.8 2.0 31.2 68.2 rim ph 
Abbreviations and labels as in Table 3.  
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Table 6. Orthopyroxene compositions (cont.) 
Unit Sample SiO2 Al2O3 K2O FeO Na2O MgO Cr2O3 TiO2 CaO NiO MnO Total En Wo Fs Mg# Location Type 
JG-ml3 opx10.2 53.0 1.32 0.12 20.2 0.15 22.6 0.00 0.30 1.29 0.00 0.79 99.8 64.8 2.7 32.6 66.6 int mph 
JG-ml3 opx10.3 53.2 1.00 0.01 18.2 0.04 25.5 0.00 0.22 1.19 0.05 0.63 100.1 69.7 2.3 28.0 71.4 rim mph 
JG-ml4 opx17.4 54.1 0.75 0.02 17.1 0.02 23.7 0.00 0.22 1.32 0.02 0.70 97.9 69.2 2.8 28.0 71.2 core ph 
JG-ml4 opx17.5 54.3 0.58 0.00 18.5 0.02 23.0 0.01 0.20 1.23 0.06 0.79 98.8 67.1 2.6 30.3 68.9 int ph 
JG-ml4 opx17.6 55.2 0.94 0.00 14.1 0.01 26.8 0.00 0.18 1.25 0.07 0.41 99.0 75.3 2.5 22.1 77.3 rim ph 
JG-ml4 opx17.7 54.5 1.11 0.00 14.2 0.04 26.5 0.00 0.24 1.31 0.04 0.42 98.4 74.9 2.7 22.5 76.9 core ph 
JG-ml4 opx17.8 55.9 0.75 0.01 12.0 0.02 28.2 0.00 0.20 1.31 0.03 0.30 98.8 78.6 2.6 18.7 80.7 rim ph 
JG-ml7 opx11.1 51.9 0.46 0.00 22.8 0.04 22.6 0.01 0.14 1.09 0.00 0.78 99.9 62.5 2.2 35.4 63.9 int ph 
JG-ml7 opx11.2 52.5 0.47 0.00 22.3 0.02 22.7 0.00 0.15 1.08 0.02 0.80 100.0 63.1 2.2 34.8 64.5 int ph 
JG-ml7 opx11.3 51.7 0.46 0.00 22.8 0.01 22.3 0.00 0.15 1.07 0.03 0.73 99.3 62.2 2.1 35.7 63.6 rim ph 
JG-ml7 opx11.4 52.6 0.64 0.00 21.7 0.06 23.2 0.00 0.18 1.03 0.00 0.69 100.1 64.2 2.1 33.7 65.6 core ph 
JG-ml7 opx13.1 51.7 1.37 0.00 22.2 0.02 22.4 0.00 0.31 1.23 0.01 0.67 100.0 62.7 2.5 34.8 64.3 rim mph 
JG-ml7 opx13.2 51.7 0.84 0.02 21.6 0.04 22.6 0.00 0.25 1.13 0.00 0.77 98.9 63.7 2.3 34.1 65.1 core mph 
JG-ml7 opx13.3 51.3 1.17 0.00 21.3 0.04 22.6 0.00 0.29 1.53 0.01 0.71 98.9 63.5 3.1 33.4 65.5 rim mph 
JG-ml7 opx16.1 52.4 0.37 0.00 23.1 0.01 22.2 0.00 0.13 1.04 0.02 0.69 100.0 61.8 2.1 36.1 63.1 core clot 
JG-ml7 opx16.2 51.3 0.70 0.00 22.7 0.00 22.8 0.03 0.20 1.04 0.08 0.68 99.6 62.9 2.1 35.0 64.2 int clot 
JG-ml7 opx16.3 51.7 0.51 0.00 22.6 0.04 22.7 0.01 0.18 1.09 0.00 0.69 99.6 62.7 2.2 35.1 64.1 rim clot 
JG-ml7 opx16.4 52.2 0.42 0.01 22.4 0.04 22.7 0.00 0.15 1.11 0.07 0.81 99.9 63.0 2.2 34.8 64.4 rim clot 
JG-ml7 opx17.1 53.1 0.43 0.01 19.7 0.01 24.4 0.02 0.12 0.89 0.02 0.86 99.6 67.6 1.8 30.6 68.9 core ph 
JG-ml7 opx17.2 52.4 0.73 0.01 19.0 0.01 24.8 0.03 0.16 1.00 0.00 0.89 99.1 68.6 2.0 29.5 69.9 int ph 
JG-ml7 opx17.3 52.2 0.78 0.00 20.0 0.00 24.3 0.00 0.20 0.96 0.00 0.78 99.3 67.1 1.9 31.0 68.4 int ph 
JG-ml7 opx19.1 52.0 0.62 0.00 21.6 0.02 22.8 0.03 0.14 0.97 0.00 0.80 99.0 64.0 2.0 34.1 65.2 ph 
JG-ml7 opx19.2 51.7 0.49 0.02 22.1 0.01 22.8 0.00 0.15 1.02 0.00 0.68 98.9 63.4 2.0 34.5 64.8 ph 
Abbreviations and labels as in Table 3. 
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Table 7. Fe-Ti oxide compositions 
Unit Sample SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO ZnO Total 
JG-nf1 ilm1 0.05 47.50 0.14 0.02 47.43 0.64 0.02 2.44 0.06 98.31 
JG-cd2 ilm1 0.02 47.14 0.06 0.03 48.76 0.87 0.01 0.91 0.00 97.79 
JG-cd2 ilm2 0.02 46.05 0.07 0.01 48.57 0.77 0.00 1.20 0.02 96.71 
JG-cd2 ilm3 0.01 45.56 0.07 0.02 48.95 0.50 0.00 1.19 0.04 96.33 
JG-cd5 ilm1 0.01 43.03 0.26 0.04 50.42 0.42 0.04 1.83 0.01 96.06 
JG-cd5 ilm2 0.02 43.80 0.26 0.01 49.80 0.39 0.03 1.91 0.03 96.26 
JG-cd7 ilm1 0.03 47.40 0.07 0.01 49.24 0.56 0.00 1.04 0.02 98.36 
JG-cd7 ilm2 0.02 45.46 0.09 0.00 49.07 0.61 0.01 1.13 0.00 96.39 
JG-cd9 ilm1 0.05 46.68 0.13 0.00 49.56 0.59 0.02 1.24 0.06 98.31 
JG-ml3 ilm1 0.06 40.62 0.12 0.01 53.82 0.89 0.01 0.60 0.10 96.22 
JG-ml3 ilm2 0.14 40.68 0.16 0.00 53.67 0.77 0.00 0.81 0.02 96.23 
JG-ml3 ilm3 0.09 39.12 0.08 0.05 54.52 0.53 0.00 0.66 0.07 95.12 
JG-ml3 ilm4 0.05 41.25 0.27 0.01 52.79 0.50 0.03 2.30 0.05 97.24 
JG-ml4 ilm1 0.02 45.58 0.18 0.01 49.21 0.58 0.02 1.87 0.05 97.53 
JG-ml4 ilm2 0.04 44.04 0.06 0.02 49.93 0.45 0.02 1.13 0.05 95.74 
JG-ml7 ilm1 0.03 41.27 0.28 0.02 52.60 0.47 0.01 1.56 0.04 96.28 
JG-ml7 ilm2 0.04 40.98 0.29 0.01 52.38 0.51 0.00 1.56 0.00 95.77 
JG-nf1 mag1 0.15 8.76 3.12 0.04 79.40 0.49 0.00 2.11 0.03 94.10 
JG-nf1 mag2 0.15 8.76 3.12 0.04 79.40 0.49 0.00 2.11 0.03 94.10 
JG-nf1 mag3 0.24 15.62 1.64 0.05 75.59 0.49 0.00 1.42 0.09 95.16 
JG-nf8 mag1 0.16 8.93 3.23 0.04 79.93 0.36 0.01 2.01 0.05 94.71 
JG-nf8 mag2 0.18 6.58 2.36 0.04 83.13 0.36 0.04 1.27 0.03 94.00 
JG-nf8 mag3 0.14 8.66 3.18 0.03 81.19 0.43 0.01 2.16 0.06 95.86 
JG-cd2 mag1 0.04 10.81 1.29 0.08 81.76 0.40 0.00 0.42 0.12 94.92 
JG-cd2 mag2 0.06 7.95 1.35 0.07 82.44 0.44 0.00 0.31 0.19 92.80 
JG-cd2 mag3 0.06 10.12 1.13 0.14 80.85 0.46 0.00 0.45 0.09 93.30 
JG-cd5 mag1 0.08 10.26 2.32 0.06 79.94 0.36 0.02 1.09 0.07 94.20 
JG-cd5 mag2 0.09 13.42 2.20 0.12 76.87 0.38 0.02 1.35 0.17 94.61 
JG-cd7 mag1 0.07 10.43 1.07 0.09 80.87 0.30 0.04 0.45 0.14 93.46 
JG-cd7 mag2 0.04 8.24 1.28 0.09 83.53 0.33 0.05 0.51 0.09 94.15 
JG-cd9 mag1 0.09 11.21 2.03 0.07 80.84 0.29 0.02 0.66 0.08 95.31 
JG-ml3 mag1 5.97 7.45 1.83 0.04 74.49 0.23 0.00 0.66 0.09 90.77 
All analyses are from grain cores. 
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Table 7. Fe-Ti oxide compositions (cont.) 
Unit Sample SiO2 TiO2 Al2O3 Cr2O3 FeO MnO NiO MgO ZnO Total 
JG-ml4 mag1 0.07 12.44 1.91 0.11 78.51 0.48 0.01 1.35 0.04 94.93 
JG-ml4 mag2 0.07 15.27 0.85 0.11 77.33 0.46 0.04 0.48 0.09 94.70 
JG-ml7 mag1 0.07 10.22 2.00 0.05 80.24 0.49 0.00 1.14 0.16 94.38 
JG-ml7 mag2 0.05 10.12 2.09 0.08 79.41 0.48 0.02 1.13 0.11 93.49 
All analyses are from grain cores. 
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Table 8. Olivine compositions 
Unit Sample SiO2 Cr2O3 FeO MnO NiO MgO CaO Total Fo Type Location 
JG-cd5 ol1.1 39.03 0.00 22.02 0.36 0.10 38.49 0.09 100.1 75.7 incl core 
JG-cd5 ol2.1 39.33 0.01 22.21 0.36 0.07 38.63 0.09 100.7 75.6 incl core 
JG-cd5 ol3.1 40.36 0.00 16.69 0.26 0.15 43.39 0.11 101.0 82.3 ph core 
JG-cd5 ol3.2 39.83 0.00 17.11 0.25 0.14 42.58 0.11 100.0 81.6 ph rim 
JG-cd5 ol4.1 39.66 0.00 16.22 0.22 0.16 42.93 0.10 99.3 82.5 ph core 
JG-cd5 ol4.2 40.03 0.00 16.53 0.24 0.17 43.00 0.09 100.1 82.3 ph int 
JG-cd9 ol1.1 38.7 0.00 16.92 0.26 0.17 42.53 0.11 98.7 81.8 ph int 
JG-cd9 ol1.2 38.9 0.00 17.62 0.24 0.15 41.98 0.10 99.0 80.9 ph rim 
JG-ml4 ol1.1 39.57 0.01 16.78 0.29 0.31 42.29 0.11 99.4 81.8 ph rim 
JG-ml4 ol1.2 39.51 0.00 17.10 0.24 0.28 41.84 0.08 99.0 81.4 ph core 
JG-ml4 ol2.1 40.03 0.00 16.41 0.21 0.29 43.22 0.09 100.3 82.4 ph core 
JG-ml4 ol2.2 39.31 0.00 16.45 0.29 0.31 42.29 0.08 98.8 82.1 ph int 
JG-ml4 ol2.3 39.24 0.00 18.75 0.33 0.29 40.50 0.09 99.2 79.4 ph rim 
JG-ml4 ol3.1 39.64 0.00 16.81 0.23 0.30 42.38 0.10 99.5 81.8 mph core 
JG-ml4 ol3.2 39.31 0.00 17.67 0.31 0.29 41.98 0.09 99.7 80.9 mph rim 
JG-ml4 ol4.1 39.72 0.01 16.23 0.26 0.29 42.59 0.13 99.2 82.4 ph int 
JG-ml4 ol4.2 39.62 0.00 17.20 0.26 0.28 42.13 0.10 99.6 81.4 ph int 
Abbreviations include; intermediate (int), phenocryst (ph), microphenocryst (mph), inclusion (incl).   
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Table 9. Temperatures and fO2 conditions are calculated following the methods of Andersen 
and Lindsley (1988) using the QUILF software package (Andersen et al. 1993). 
Unit  Samples Temp °C ± C° fO2 log units ± log units 
nf1 ilm1 & mag1 845 154 -13.02 1.63 
ml3 ilm4 & mag1 833 51 -11.76 0.54 
ml4 ilm1 & mag1 837 80 -12.56 0.82 
ml7 ilm1 & mag1 855 132 -11.48 1.31 
ml7 ilm2 & mag2 860 110 -11.43 1.09 
cd2 ilm1 & mag1 776 3 -14.31 0.04 
cd5 ilm1 & mag2 887 80 -11.43 0.77 
cd7 ilm1 & mag2 746 51 -14.64 0.60 
cd9 ilm1 & mag2 807 12 -13.42 0.13 
Abbreviation include; ilmenite (ilm), and magnetite (mag). 
 
Table 10. Temperatures are calculated following the methods of Andersen and Lindsley (1988) using the QUILF software package (Andersen et al. 
1993). 
Unit Pyroxene Sample Mg# Type Location En Wo Fs T (C°) ± 
nf8 cpx 12.4 81.2 clot core 48.3 40.5 11.2 1020 41 opx 12.2 80.8 clot core 78.9 2.4 18.8 
cd2 cpx 1.1 73.2 ph core 43.9 40.1 16.1 884 24 opx 2.1 64.0 ph core 62.7 2.0 35.3 
cd2 cpx 1.3 71.5 ph rim 43.2 39.5 17.2 892 16 opx 2.3 64.5 ph rim 63.2 2.0 34.8 
ml7 cpx 14.1 71.8 clot core 63.2 12.0 24.9 847 139 opx 16.1 63.1 clot core 61.8 2.1 36.1 
ml7 cpx 14.3 70.4 clot rim 42.6 39.5 17.9 916 26 opx 16.4 64.4 clot rim 63.0 2.2 34.8 
ml4 cpx 17.1 71.6 ph core 44.0 38.5 17.5 1013 44 opx 17.4 71.2 ph core 69.2 2.8 28.0 
ml4 cpx 17.2 71.8 ph rim 44.0 38.7 17.3 980 22 opx 17.5 68.9 ph rim 67.1 2.6 30.3 
Abbreviations include; clinopyroxene (cpx), and orthopyroxene (opx). 
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Table 11. Summary of important mineral textures, zoning, and interpretations 
Unit Mineral Zoning Type Texture Features Interpretation 
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Plagioclase No data Finely sieved 
Cores: Dusty, fine sieve texture.                 
Rims: Clear overgrowth rims. 
Two potential sources for these grains: 1) Could have crystallized 
from the dacite of Nooksack Falls, and represent a small population 
of crystals that came into contact with a hotter mafic magma, 
resulting the in the fine sieved texture. 2) Could represent another 
source of contaminate entirely. 
Plagioclase Patchy or oscillatory 
Coarsely 
sieved  
Cores: sieved with large glassy blebs; An 
(44-56).                                             
Rims: Some bear clear calcic overgrowth 
rims; An (54-55).                                
Overall, grains are more sodic than 
unsieved grains; An (44-60). 
More sodic plagioclase probably crystallized directly from the dacite 
of Nooksack Falls.  
Plagioclase Normal  Unsieved Very calcic in comparison to coarsely sieved grains; An(72-87) 
Xenocrystic grains from two possible origins: 1) hotter mafic magma 
that was mixed into the dacite of Nooksack Falls. 2) material 
entrained from a cumulate pile. 
Clinopyroxene Normal - 
Crystal clots, and a few individual grains: 
too Mg-rich (Mg#81-84) to have 
crystallized from the dacite of Nooksack 
Falls. 
Xenocrystic grains from two possible origins: 1) hotter mafic magma 
that was mixed into the dacite of Nooksack Falls 2) material 
entrained from a cumulate pile  
Clinopyroxene Normal - 
Cores from a few individual phenocrysts 
are in equilibrium (Mg#78-79) with the 
dacite of Nooksack Falls. 
Crystallized from the dacite of Nooksack Falls.  
Clinopyroxene Reverse - 
Cores: Slightly too Mg-poor (Mg#73-74) 
to be in equilibrium with the dacite of 
Nooksack Falls. Part of a crystal clot. 
Crystallized from the dacite of Nooksack Falls, and later came into 
contact with more mafic material, either a hotter more mafic magma, 
or material from a cumulate pile.   
Hornblende Unzoned 
Thin 
black 
reaction 
rims 
Thin black reaction rims are present on 
all hornblende phenocrysts and 
microphenocrysts 
Lack of zoning indicates crystallization after contamination, or out 
of contact with contaminate. They may represent late stage 
crystallization. Rims are likely the result of an eruption processes.    
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Table 11. Summary of important mineral textures, zoning, and interpretations (cont.) 
Unit Mineral Zoning Type Texture Features Interpretation 
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Plagioclase Reverse Unsieved
Reverse zoned grains (An34-46) are 
sparse, and have similar chemistry to 
normally zoned, unsieved plagioclase 
(An34-61).  
Xenocrystic grains: Source may have been back mixed material from 
a hybrid magma that formed through mixing between the dacite of 
Mazama Lake and the andesite of Glacier Creek (discussed in detail 
in the section entitled “The role of magma mixing”).  
Clinopyroxene Reverse - 
Some crystals are too Mg-rich (to be in 
equilibrium with the dacite of Mazama 
Lake, while others are too Mg-poor. 
Xenocrystic grains: Source may have been back mixed material from 
a hybrid magma that formed through mixing between the dacite of 
Mazama Lake and the andesite of Glacier Creek (discussed in detail 
in the section entitled “The role of magma mixing”). 
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 Plagioclase Complex 
Finely 
sieved, 
coarsely 
sieved, 
and 
unsieved
Normally zoned and unsieved, and 
reversely zoned and finely sieved 
plagioclase both present in abundance. 
Intermediate regions of plagioclase 
crystals are characterized by complex 
zoning patters 
Complexity of plagioclase phenocrysts suggests magma mixing was 
a dominating process in generating both the dacite of Cougar Divide 
and the andesite of Mazama Lake.  
Clinopyroxene Reverse   
Abrupt Mg-rich rims (Mg#67-81 for the 
dacite of Cougar Divide, 68-83 for the 
andesite of Mazama Lake). 
Abrupt Mg-rich rims indicate interaction with a more mafic magma, 
also suggesting magma mixing.  
Olivine 
Weak 
normal, or 
unzoned 
Ragged, 
embayed 
rims 
Most olivine crystals are too Mg-rich 
(Mg# 81-83 for the dacite of Cougar 
Divide, 79-82 for the andesite of Mazama 
Lake) to be in equilibrium with their host 
liquid. 
Olivine grains originated from a mafic endmember, and further 
support mixing in the dacite of Cougar Divide, and the andesite of 
Mazama Lake.  
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Table 12. Partition coefficients and representative compositions  for crystal fractionation models 
  Clinopyroxene Orthopyroxene Magnetite Ilmenite Plagioclase Hornblende Apatite 
La 0.05 0.03 0.20 0.20 0.30 0.31 14.5 
Ce 0.08 0.03 0.20 0.20 0.22 0.53 21.1 
Pr 0.13 0.03 0.25 0.25 0.19 0.87 27.0 
Nd 0.18 0.03 0.25 0.25 0.14 1.2 32.8 
Sm 0.38 0.03 0.30 0.30 0.10 2.0 46.0 
Eu 0.48 0.03 0.25 0.25 1.2 1.9 25.5 
Gd 0.58 0.04 0.25 0.25 0.07 2.0 43.9 
Tb 0.68 0.06 0.25 0.25 0.06 2.0 39.4 
Dy 0.77 0.08 0.25 0.25 0.05 2.1 34.8 
Ho 0.74 0.10 0.25 0.25 0.05 2.1 28.8 
Er 0.71 0.15 0.25 0.25 0.45 2.1 22.7 
Yb 0.63 0.25 0.25 0.25 0.04 2.1 15.4 
Lu 0.67 0.32 0.25 0.25 0.04 2.1 13.8 
Ti 0.40 0.25 9.00 9.00 0.05 3.00 0.10 
Hf 0.17 0.05 - 1.88 0.03 - 0.10 
Zr 0.16 0.46 0.20 0.38 0.01 0.50 0.64 
Rb 0.20 0.02 0.10 0.10 0.07 0.04 0.45 
  TB-GC3 JG-nf8 JG-ml9         
SiO2 59.60 65.38 66.15 
TiO2 0.91 0.72 0.74 
Al2O3 17.97 16.73 16.17 
FeO 5.30 3.87 4.42 
MgO 3.21 1.48 1.34 
CaO 7.09 3.77 3.93 
Na2O 4.01 4.87 4.43 
K2O 1.65 2.96 2.62 
P2O5 0.25 0.22 0.19 
The representative composition for the andesite of Glacier Creek was corrected for xenocrystic olivine by 
Baggerman and DeBari (2011). All compositions are normalized to 100% for fractionation modeling. 
Hornblende partition coefficients are from Green and Pearson (1985); all others are from Rollinson (1993). 
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Table 13. Least squares modeling results for fractionating the dacite of Nooksack Falls from the andesite of Glacier Creek 
  TB-GC3 JG-nf8 cpx11.2 JG-nf1 pl2.2 Ideal apatite JG-nf8 mag1
JG-nf1 
hbl1.1 
Sum of 
mineral 
modes 
Calculated 
liquid JG-nf8 
Modes 0.09 0.02 0.02 0.27 0.03 0.42 0.58   
SiO2 59.60 52.73 55.24 0.17 55.00 44.71 51.33 65.62 65.38 
TiO2 0.91 0.57 0.22 9.47 0.00 3.35 0.73 1.04 0.72 
Al2O3 17.97 1.82 1.90 3.43 28.70 10.59 19.60 16.75 16.73 
FeO 5.30 10.47 12.72 84.80 0.30 11.72 7.26 3.85 3.87 
MgO 3.21 15.90 28.64 2.13 0.00 15.12 5.66 1.41 1.48 
CaO 7.09 18.22 1.25 0.00 10.80 11.37 11.63 3.75 3.77 
Na2O 4.01 0.28 0.01 0.00 4.80 2.51 3.28 4.55 4.87 
K2O 1.65 0.01 0.02 0.00 0.30 0.63 0.23 2.69 2.96 
P2O5 0.25 0.00 0.00 0.00 0.00 0.00 0.20 0.28 0.22 
Clinopyroxene, orthopyroxene, and plagioclase were selected based on compositions similar to those observed in Glacier Creek andesite. 
Samples TB-GC3 and JG-nf8 are normalized to 100%. 
 
 
Table 14.  REE, and incompatible element (Rb and Ba) fractionation results at F=0.50 and F=0.60, where F equals the remaining melt fraction 
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu Zr Ti 
F=0.5 113.7 96.8 79.3 64.9 39.1 20.1 26.6 23.1 20.3 18.5 14.5 15.8 17.3 264 6671 
F=0.6 100.1 85.2 70.6 57.8 35.7 20.5 24.3 21.2 18.5 16.8 13.7 14.2 15.4 226 6214 
JG-nf8 112.0 92.2 73.5 56.8 33.9 23.5 21.2 19.0 17.0 15.7 14.9 14.5 16.0 308 4261 
Fractionating modes of 64% plagioclase, 20% clinopyroxene, 6% hornblende, 5% orthopyroxene, 4% magnetite, and 1% apatite. REE abundances (calculated 
and observed) are chondrite normalized.  
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Table 15. Least squares modeling results for fractionating the dacite of Mazama Lake from the andesite of Glacier Creek 
 TB-GC3 ml7 cpx12.1 ml7 plag14.2 ml7ilm1 Ideal apatite ml7opx11.4 
Sum of 
mineral 
modes 
Calculated 
liquid JG-ml9 
Modes 0.05 0.30 0.01 0.01 0.07 0.44 0.56 
SiO2 59.60 53.57 53.76 0.03 0.00 52.91 51.54 65.98 66.15 
TiO2 0.91 0.19 0.06 43.11 0.00 0.18 1.24 0.65 0.74 
Al2O3 17.97 0.75 29.39 0.29 0.00 0.64 20.36 16.08 16.17 
FeO 5.30 10.98 0.30 54.94 0.00 21.83 6.51 4.34 4.42 
MgO 3.21 14.76 0.02 1.63 0.00 23.34 5.56 1.35 1.34 
CaO 7.09 19.38 11.94 0.00 56.75 1.04 11.13 3.90 3.93 
Na2O 4.01 0.35 4.33 0.00 0.00 0.06 3.02 4.79 4.43 
K2O 1.65 0.03 0.20 0.00 0.00 0.00 0.14 2.84 2.62 
P2O5 0.25 0.00 0.00 0.00 43.25 0.00 0.50 0.05 0.19 
Clinopyroxene, orthopyroxene, and plagioclase were selected based on compositions similar to those observed in Glacier Creek andesite. 
Samples TB-GC3 and JG-ml9 are normalized to 100%. 
 
Table 16.  REE, and incompatible element (Rb and Ba) fractionation results for the dacite of Mazama Lake at F=0.55, where F equals the remaining melt fraction
  La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu Rb Hf Zr 
F=0.55 102.0 86.2 71.5 57.9 35.3 19.9 24.5 21.9 19.4 18.1 14.4 15.7 17.1 43.4 6.6 258 
JG-ml9 96.1 77.5 62.6 49.2 32.1 20.2 22.4 20.8 18.8 17.1 16.5 15.6 16.8 44.7 5.7 238 
Fractionating modes of 69% plagioclase, 16% orthopyroxene, 11% clinopyroxene, 3% ilmenite, and 1% apatite. REE abundances (calculated and observed) are 
chondrite normalized.  
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Table 17. Mixing calculation to reproduce Cougar Divide compositions (sample JG-cd8).          
Endmember compositions SiO2 TiO2  Al2O3 FeO MnO MgO CaO Na2O K2O P2O5
TB-GC3 59.56 0.91 17.96 5.30 0.11 3.21 7.09 4.01 1.65 0.25
JG-ml9 66.11 0.74 16.16 4.42 0.06 1.34 3.93 4.43 2.62 0.19
Hybrid Compositions 
JG-cd8 62.28 0.75 16.99 5.05 0.12 2.84 5.65 4.10 2.03 0.19
Calculated 62.18 0.84 17.24 4.95 0.09 2.46 5.83 4.18 2.04 0.23
Calculated hybrid compositions are produced through mixing of 40% Mazama Lake (JG-ml9), and 60% Glacier Creek (TB-GC3). 
 
Table 18. Mixing calculation to reproduce the andesite of Mazama Lake (sample JG-ml4).  
Endmember compositions SiO2 TiO2  Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 
NM-TP5 54.49 0.92 16.27 6.99 0.13 7.46 9.67 2.92 0.95 0.18 
JG-ml9 66.11 0.74 16.16 4.42 0.06 1.34 3.93 4.43 2.62 0.19 
Hybrid compositions           
JG-ml4 61.52 0.85 17.24 5.16 0.10 3.08 5.51 4.37 1.90 0.27 
Calculated 62.62 0.79 16.19 5.19 0.08 3.18 5.65 3.98 2.12 0.19 
Calculated hybrid compositions are produced through mixing of 70% Mazama Lake (JG-ml9), and 30% Tarn Plateau (NM-TP5). 
 
Table 19. Mixing calculation to reproduce the andesite of Mazama Lake (sample JG-ml4).  
Endmember compositions SiO2 TiO2  Al2O3 FeO MnO MgO CaO Na2O K2O P2O5 
TB-GC3 59.56 0.91 17.96 5.30 0.11 3.21 7.09 4.01 1.65 0.25 
JG-ml9 66.11 0.74 16.16 4.42 0.06 1.34 3.93 4.43 2.62 0.19 
Hybrid compositions           
JG-ml4 61.52 0.85 17.24 5.16 0.10 3.08 5.51 4.37 1.90 0.27 
Calculated 61.53 0.86 17.33 5.04 0.10 2.65 6.14 4.14 1.94 0.23 
Calculated hybrid compositions are produced through mixing of 30% Mazama Lake (JG-ml9), and 70% Glacier Creek (TB-GC3). 
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Figure 1. Cascade volcanic arc and subduction zone. Rates of subduction from McCrory et al. 
(2004). Grey triangles denote major volcanic centers with abbreviations; LVC, Lassen Volcanic 
Center; MS, Mount Shasta; MLV, Medicine Lake Volcano; MMc, Mount McLoughlin; CLV, Crater 
Lake Volcano; NV, Newberry Volcano; TS, Three Sisters; MJ, Mount Jefferson; MH, Mount Hood; 
SVF, Simcoe Volcanic Field; MSH, Mount Saint Helens; MA, Mount Adams; MR, Mount Rainier; 
GP, Glacier Peak; MB, Mount Baker; MG, Mount Garibaldi; MC, Mount Cayley; MM; Meager 
Mountain. Black lines indicate the five major sections of the arc, as defined by Guffanti and Weaver 
(1988). Plate velocities are from McCrory et al. (2004).   
 
 
 
 






















 
 
98 
 
 
 
Figure 24. Schematic illustration of a) dacitic magma generation (orange), and b) hybrid 
magma generation at Mt. Baker (green/orange). Dacitic magmas are formed as mantle 
derived high-Mg basaltic andesites undergo crystal fractionation. Hybrid magmas form when 
fractionated dacite reservoirs experience magma recharge from their parental source (high-
Mg basaltic andesites, or a fractionated intermediate version).  
a) b) 
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Appendix A 
 
Figure 3. Sample 
locations are plotted on 
USGS 7.5 minute 
quadrangle topographic 
maps, Bearpaw 
Mountain (the dacite of 
Nooksack Falls), Mount 
Baker (the dacite of 
Cougar Divide), and 
Shuksan Arm (the dacite 
of Mazama Lake). UTM 
coordinates are listed in 
Table 2. 

